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A main interest of avian cancer lies in the fact that 
in a single species, the chicken, one finds tumors with 
differing transplantability. On the one hand, tumors 
such as some sarcomas, endotheliomas, leukotic and 
lymphoid neoplasms are found that are easily trans- 
plantable and undoubtedly induced by viruses; and on 
the other, tumors, the transplantation of which is 
either very irregular or very difficult, such as some 
other lymphoid neoplasms and the mixed embryonal 
and epithelial tumors are found. A third group com- 
prises tumors which can be transplanted but in which 
no virus can regularly be demonstrated, such as the 
sarcomas induced by chemical carcinogens. 

This situation may lead the investigator to two radi- 
cally different points of view: (a) assuming that other 
agents than viruses can induce cancer even of the 
same type in the same animal species; (b) assuming 
that viruses are the cause of all chicken tumors al- 
though they cannot be demonstrated in some tumors 
because of influences still to be determined. The latter 
supposition could also be applied to all or a part of 
/ mammalian neoplasia. 

During the last 5 years we have collected about 50 
spontaneous chicken tumors and tried to relate their 
behavior on transplantation and the presence of viruses 
in them with other characteristics not only of the neo- 
plasms but also of the hosts that had developed them. 
In the present publication we report results of a study 
of 14 sarcomas and 7 fibromas. It will be seen that 
the age of the host may be a factor conditioning the 
transplantability of the sarcomas. 

The incidence of cancer in chickens is very high, 
perhaps the highest in any species under natural con- 
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ditions, the disease comprising a great variety of types 
comparable in every respect to cancer in mammals. 
Neoplasia of mesenchymal tissues is far more common 
than epithelial neoplasia and, contrary to the latter, 
may occur at a very early age (6, 11). A myelocytoma 
(11), lymphomatosis (6), a fibroma (11), and a sar- 
coma (1) have been observed in chicks of from 13 
days to 5 weeks of age. 

Many spontaneous sarcomas can be considered as 
being indefinitely transplantable and causative viruses 
have been shown in all of them but unfortunately 
either no data or only brief statements are available 
concerning the characteristics of both host and tumor 
in the cases where transplantation was attempted but 
failed. Nor are data available in most cases concern- 
ing the age of the host in which the transplantable 
tumors were discovered. We know, however, that 
sarcomas | and 7 of Rous and his associates occurred in 
chickens 15 and “apparently” 12 months old, the same 
age as one of Teutschslaender chickens (2). Jungherr’s 
sarcoma and endothelioma (9) and Furth’s neoplasms 
that originated his strains 2, 5, 11, 12, 13, and 15 (7), 
combined with leukoses or lymphomatosis, were found 
in chickens under | year of age. When the age is not 
stated no mention is made by the authors that the 
hosts were either particularly old or young. This holds 
true for most of the tumors listed by Claude and 
Murphy (2), the 2 sarcomas of Reis (12) and the 23 
of Troisier (14). 

Metastases in the original host were present in 12 of 
19 cases that we have reviewed. On transplantation 
all of the 19 tumors induced them. Metastasis ranged 
from rare, as in the osteochondro-sarcoma of Rous and 
Lange and the fibrosarcoma MH. | of Begg, to fre- 
quent as in the Rous sarcoma and so many others (2). 


529 








530 


Cancer Research 





Olson and Bullis described 25 sarcomas but without 
attempting transplantation; 21 of them were found in 
chickens of from 12 to 52 weeks while the rest occurred 
in chickens of trom 60 to 79 weeks. 
present in 14 cases (11). 


Metastases were 


MATERIALS AND METHODS 


Our material consisted of 14 sarcomas and 7 fibro- 
mas out of about 50 neoplasms found in Plymouth 
Rocks, Rhode Island Reds, or their hybrids reared in 
farms around New Haven, Connecticut, most of 
them coming from the same farm.' All the birds were 
females. In most cases the chickens were brought alive 
to our laboratory and killed immediately before the 
tumors were removed and processed. Suspensions of 
1 part of cells and 4 of saline solution were prepared 
from each tumor, while extracts of 1 part of tumor and 
19 of saline solution filtered through Berkefeld N 
candles were obtained from 10 of them. 

Cell suspensions were injected in the breast of 
chickens as follows: A total of 1 cc. into chicks from 
7 to 20 days of age, and 2 cc. into pullets from | to 2 
months of age, half of the inoculum being injected 
into each breast. When chickens from 4 to 8 months 
were available 2 of them were additionally inoculated 
with 4 cc. of the cell suspension prepared by the same 
method. Filtrates were injected in the same amounts 
into the breast of from 5 to 10 chicks and _ pullets. 
Often 5 additional chicks were injected with | cc. 
into the jugular vein. 

Some or all of the birds inoculated belonged to the 
same breed as the chicken bearing the original neo- 
plasm. Often, however, chickens of other breeds were 
successfully employed. Cell suspensions from several 
of the tumors were also injected into the breast of 
24 hour old ducks in the amount of 3 cc. 

The birds were observed at least once a week. They 
were killed and autopsied after 50 days if no signs 
of disease were evident. Accidental losses, sometimes 
considerable, reduced the number of animals available 
for analysis to the figures expressed in the tables. 


RELATION BETWEEN [I RANSPLANTABILITY OF THE 
SARCOMAS AND THE AGE OF THE CHICKENS 
BEARING THEM 


In Table I the tumors have been listed according to 
the age of the host and, when the age was the same, 





! It was not possible to determine the incidence of tumors and 
leukoses in the total chicken population of this farm. The 
majority of tumors were discovered from December to June in- 
clusive, but it is doubtful whether this is an indication of a 
seasonal influence since many other factors were at play. 

One of the neoplasms, tumor W1, was found and studied by 
Dr. E. W. Shrigley. It developed in a chick secured from a 
commercial hatchery. 


Sr 
according to the success met with on transplantation of 
the tumors. The age of the host was fairly well known 
except for tumors B and C, in which cases only an 
approximate age could be obtained. The histological 
malignancy was appraised by the canons of orthodox 
pathology trom complete absence to the highest degree 
by signs ranging from 0 to + + +.* None of these 
neoplasms showed the latter extreme of morphological 
malignancy. 

The figures on transplantation indicate the number 
of chickens that developed tumors in relation to the 
total number inoculated. These data are given only 
when they contribute to understand the success or 
failure of the transplantation. 

The most important data on the tumors needed for 
discussion are summarized in Table I. However, addi- 
tional information on some of them seems necessary, 
although the tumors are thoroughly described in the 
following articles. 

The indefinitely transpiantable tumors V 1, D 1, and 
B were soft, fast-growing, infiltrative, and metastasiz- 
ing, very much resembling the Rous sarcoma, while 
tumor C, a firm growth, was of a less malignant sort, 
growing slowly and inducing metastases but rarely. 

Judging by the original growth and the growths of 
the first passage tumors Z and G also seemed to be 
of a malignant, fast-growing sort. Tumor Z was a 
rather soft mass filling up the whole breast of the 
bird and had induced widespread metastases; tumor G 
was a soft, viscid mass 4 & 4 cm. 1n the orbit, which 
had invaded the bone and had formed many metastases 
in the lungs. 

Chickens bearing tumors E and D had large em- 
bryonal nephromas and several small sarcoma nodules 
in the muscles. Portions of the breast growth of 
tumor E secured by biopsy were indefinitely trans- 
plantable and were like the Rous sarcoma. The breast 
nodules of tumor D were soft, viscid, cystic, and micro- 
scopically like the fast-growing indefinitely transplanta- 
ble sarcomas. Whether these sarcomas can or cannot 
be considered as metastases of the kidney tumor will 
be considered in a following publication. 

The presumption that tumors Z, D, and G could 
have been transplanted indefinitely, although actually 
they were not, is based on the following: tumor Z was 
not transplanted until at least 10 hours had elapsed 
after the death of the chicken. Several chicks 1nocu- 
lated with tumor D died accidentally so only 1 chick 
and 2 full grown chickens were left. Tumor G grew 
very well in the first transplant but only 1 tumor of 
this passage was transplanted and several of the inocu- 
lated chicks died prematurely. On the other hand we 





2 We are grateful to Dr. H. Bunting for the grading of the 
malignancy of these neoplasms. 
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have secn that the 3 tumors showed the characteristics 
of malioancy also present in 4 of the 5 tumors that 
were indefinitely transplantable. 

Keeping this in mind one could interpret the results 
from ‘Table | in the sense that transplantation of sar- 
comas is best achieved when coming from chickens of 
from 5 to 10 months of age, which are those of 
group 2. Next are those of group 3, from chickens of 
about 3 to 18 weeks, and finally those of group | from 
chickens between 12 and 24 months. Chance may 


ONE 6 NE eno ee ee ee ee 


In tumors V 1 and B, cell-free preparations were ac- 
tive from the first passages and in tumor EF from the 
original tumor. In slow-growing tumor C, virus was 
only occasionally demonstrated while tumor D 1 may 
occupy an intermediate position. Filtrates from the 
nontransplantable tumors were consistently meffective. 

2. All of these 5 sarcomas produced metastases in 
varying degree in the original host and, as will be 
detailed elsewhere, also in the hosts bearing the trans- 
plants. Tumors G and Z also metastasized but prob- 


Taner I: TRANSPLANTABILITY OF SPONTANEOUS SARCOMAS FROM CHticKkeNs OF VARYING AGE 
Behavior in passages by cell 
Data on tumors suspensions 
y on P y, 
Indefi indefi 
nite nite 
trans- Kffectiveness trans- 
Age of tumor-  Desig- Histological plan- of filtrates or plant. 
No. bearing chicken nation Type malignancy Metastases Ist 2nd 3rd tation desiccates ability 
Group | 
| 24mo. O hibromyxosarcoma, ++ none —()/9 “ 
skin 
2 18 “ Vi kibromyxosarcoma, = + many in +5/8 -f- -+- + constant +- 
Ovary peritoneum 
3 14 ° A 1 Myxosarcoma, + none —0/10 _ om 
intestine 
4 ae Y 1 Kibrosarcoma, wing + 4 ™ —()/8 — nil 
Group II 
5 a ” (- kibrosarcoma, + several in +15/15 + ot + occasional + 
breast viscera, skin 
6 —_ 1) 1 Kibromyxosarcoma, = + one in lung +1/9 -t- 4 + constant + 
breast 
7 6-10 *“ B we f+ many in +6/6 “f “+ + ws 4. 
peritoneum 
& 5-6 * L Fibrosarcoma, breast ++ widespread +1/7 —0/9 - ” +f 
9 ie Ie " ++ * +4/5 -+- + 7 + 
and embryonal 
nephroma 
Group III | 
10 Wwk. Zi Fibrosarcoma, orbit + none +3/137 no we - 
11 4 §616-20 “ 1) - breast + ~ —0/3 — +f 
and embryonal 
nephroma 
12 6-8 “ H Neurogenic sarcoma = + none —()/6 _ ‘“ _ 
abdominal plexus 
13 5-6 ‘ G Fibrosarcoma, orbit ++ many inlung = +5/5 +2/47 - +t 
14 23 days Wi1 " thigh ++ none +6/9 —(0/14 — -_ 


*The relation between the 2 types of tumors is discussed in the text. 


tTumors regressed. 
tindefinite transplantability presumed. 


have favored this interpretation. If the only chick that 
responded to grafting of tumor D1 of group 2 had 
died prematurely, that tumor would have been consid- 
ered as nontransplantable. On the other hand, reasons 
have been given for considering the loss of tumors Z, 
D, and G from groups 2 and 3 as due to accidental 
causes. 


RELATION BETWEEN ‘'TRANSPLANTABILITY AND OTHER 
CHARACTERISTICS OF THE I UMORS 


1. A causative virus was demonstrated only in the 
> sarcomas that proved to be indefinitely transplantable. 


ably accidental factors were responsible for failure of 
indefinite transplantation. Possibly, tumors E and D 
were themselves metastases of embryonal tumors. 

3. The hemorrhagic disease was present in the trans- 
plants of all the fast-growing transplantable sarcomas 
and absent in tumor C. This disease developed in 
young chickens either after intravenous injections of 
hltrates or with a generalization of primary tumors. 
The lesions were in every way comparable to those 
previously described in other tumors (4, 5). 

4. The 4 fast-growing sarcomas, and also tumor G, 
grew easily in 24 hour old ducks after one or several 
passages through chickens while slow-growing tumor 
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C grew in only one of many ducklings injected. We 
are not concerned here whether adaptation to the 
foreign species was obtained or not since this belongs 
to a different study. As will be detailed in another 
publication, all of the 5 transplantable tumors grew 
equally well in the breed of chickens in which the 
tumor originated, such as in chickens of other breeds. 
Tumors D and Z were inoculated into ducklings with 
negative results. 

5. Indefinite transplantability was constantly asso- 
ciated with histological malignancy since the 5 sar- 
comas showing that trait were tumors of + or + + 
‘of our grading. However, the reverse was not true, 
because 7 other sarcomas (excluding tumors Z, D, 
and G) of a comparable histological type were either 
not transplantable or were so for only 1 or 2 passages. 
As for the influence of the size, tumors V 1, C, D1, 
and B all measured 10 x 10 cm. or more and were 


— 


induced metastases. The latter were likewise absent jin 
all the other fibromas. The histological grading of the 
degree of malignancy of all the tumors of this group 
was Zero. 


ADDITIONAL STUDIES ON VERY OLD CHICKENs 


We had the opportunity of securing 5 Rhode Island 
Red chickens aged from 4 to 54% years. There were 
4 hens and | rooster, all in excellent condition. When 
sacrificed, neoplastic lesions were found in all of them 
as follows: 

Hen No. I1.—Two fibromyomas each measuring 
2 x 2 X 2 cm. attached to the outer wall of the ovi- 
duct. 

Hen No. 2.—A fibroadenoma 6 X 6 X 5 cm. at- 
tached to the inner side of the lower abdominal wall 
and a soft angiomatous growth 1.3 x 0.4 cm. in the 
upper eye lid. 








TABLE II: TRANSPLANTABILITY OF SPONTANEOUS FIBROMAS FROM CHICKENS OF VARYING AGE 
Data on tumors Behavior in passages by cell suspensions 
——— i eae a An —_ 
Indefinite 
Age of tumor- Histological trans- 
No. bearing chicken Designation Type malignancy 1st 2nd 3rd_ plantation 
1 30 mo. xX Fibroma, skin 0 —0/10 _ 
2 24 * z ' 7 0 —0/9 _ 
3 18 ‘ A 2 | a. 0 —0/11 — 
4 8-9 “ K Fibromyxoma, 0 —(/4 — 
breast 
5 8-9 ** N 1 Fibroma, costal 0 —0/8 — 
edge 
6 8-9 * C1 Fibromyxoma, 0 —0/9 — 
wing 
7 8-9 “ QO 1 Fibromyxoma, 0 +4/12* +1/16 -—0/7 — 


orbit 


Note: Effectiveness of filtrates was nil. 
*Two of the tumors regressed. 


indefinitely transplantable while the nontransplantable 
sarcomas were smaller. However, tumor E was also 
smaller. Tumor W 1 measured only 10 X 4 mm. 

6. In 3 cases where adult chickens besides chicks and 
pullets were inoculated with cell suspensions of the 
original tumors, growth followed in only 1 chicken 
injected with cells of tumor VI whereas 5 others in- 
jected with cells of either this tumor or of tumor E 
failed to respond entirely. 


TRANSPLANTABILITY OF FIBROMAS 


The results of transplantation of 7 of these neo- 
plasms are summarized in Table II. Only one was car- 
ried through 2 passages. A third passage failed in a 
rather large number of chicks. The original growth 
had entirely replaced the right eye and had consid- 
erably enlarged through pressure the ocular cavity but 
had not invaded it. The transplants grew very slowly 
and like the original tumor were very firm and never 


Hen No. 3.—A black, firm, ovoid tumor 1.2 x 0.5 
cm. loosely attached to the lower pole of the ovary con- 
sisting of fibromatous cells together with other cells 
loaded with pigment. 

Hen No. 4.—A fibromatous, cystic mass 1 cm. in 
diameter at the base of the neck. 

Rooster—(a) A lymphoblastoma 1.5 cm. in diame- 
ter, firm, well capsulated in the wall of the duodenum; 
(b) nodules of a similar lymphoid tissue distributed 
throughout the salivary gland; and (c) a horny wart, 
mostly fibromatous, in the comb. 

In summary, the 5 birds showed 9 neoplastic lesions, 
8 of them clinically and histologically benign. The 
ninth lesion, the duodenal lymphocytoma, was clini- 
cally benign but many of the cells were in mitosis and 
histologically the growth showed some malignant 
traits. There were also areas of degeneration and of 
old hemorrhage in many tissues of all the birds. 

Cell suspensions from 2 of the fibromas and ex- 
tracts of several tissues from the rooster were injected 
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into 8 chicks and 2 chickens without tumor develop- 
ment. Scarification of the comb of 4 chickens with an 
extract of the wart induced no lesions. 

It will be noticed that all the fibromatous lesions oc- 
curred in full grown or old chickens. However, 
fibromas in young chickens have been recorded (6). 


DISCUSSION 


A state of maximum malignancy in spontaneous 
chicken sarcomas manifested itself by (a) indefinite 
transplantability into homologous hosts of various 
breeds and by growth in heterologous hosts; (b) by 
infiltrating growth and metastasis; and (c) by char- 
acteristic histological signs. All these features were 
constantly associated with the presence of free virus as 
if the quantity or quality of the latter conditioned the 
behavior of the infected cell. Also the incidence of 
hemorrhagic lesions, the non-neoplastic manifestations 
of free sarcoma viruses in young hosts, was always 
parallel to the effectiveness of cell-free preparations 
from the tumors. These points will be fully developed 
in a forthcoming publication. 

As for the influence of the age of the host on the 
transplantability of the sarcomas, it should be pointed 
out that since our subject material is obviously hetero- 
geneous and consists of only 14 tumors, a final inter- 
pretation of the results is subordinated to the outcome 
of other studies now being carried out with a more 
homogenous material, intending to prove what is only 
suggested in the present investigation. With the 
proviso, the following comments seem pertinent: 

From our data it would seem that chicken sarcomas 
find most frequently their maximum malignancy in 
hosts from 5 to 10 months of age. This was the degree 
of malignancy actually found in 4 of 5 sarcomas of 
group 2 while it could be presumed in the fifth 
sarcoma. However, at least 3 analogous sarcomas were 
found by other workers in chickens from 12 to 15 
months of age and by ourselves in a chicken 18 months 
old. This may suggest that the upper limit of trans- 
plantability should be raised although it is also prob- 
able that some of these cases are exceptions to a rule, 
a fact little surprising if one considers the relativity of 
all manifestations of ageing. Also, the numerous neo- 
plasms found in chickens of from 4 to 544 years old 
were histologically or clinically benign, whereas the 
other 7 fibromas of our series occurred in adult or old 
chickens. Altogether, the results may indicate that the 
age of the host had exerted a restraining effect on the 
development of malignant traits by all these tumors. 
This would be quite in line with the acquisition of 
resistance against many infections and especially against 
tumor viruses (3, 5, 10). 

None of the 5 sarcomas of group 3 found in chicks 
of from 23 days to 18 weeks of age could be indefi- 


nitely transplanted. However, one could presume this 
transplantability in 2 of them, 1 of which, tumor G, 
was actually carried through 2 passages. The neuro- 
genic sarcoma, like the fibromas, may have intrinsic 
characteristics of only relative malignancy (11). In the 
case of tumors Z1 and W 1, ordinary fibrosarcomas, 
one feels that their cells were given ample opportuni- 
ties for multiplication yet they could not be carried 
beyond one passage. 

This may suggest that in these 2 tumors, and possi- 
bly others of group 3, the cells have not yet attained 
sufficient malignancy so that they can adapt themselves 
to other hosts. These results could in a way be com- 
pared to those of Green (8) on mammary gland car- 
cinomas of rabbits in which transplantability was not 
achieved until the tumors had reached a certain stage 
of development and had become generalized. 

It will be noted that in all tumors that were neither 
actually nor presumably transplantable, from old or 
young hosts, metastases were absent. Morphologically, 
these tumors looked just as malignant as the trans- 
plantable sarcomas, so that it appears that what can 
properly be called functional malignancy in chicken 
sarcomas is to a large extent independent from morpho- 
logical malignancy. 

As for the fibromas our observations show that only 
1 of them could be carried through 2 passages. This 
tumor looked histologically just as benign as the others, 
and occurred in a chicken 8 or 9 months old. All of 
our fibromas were found in chickens of that age or 
much older and none had induced metastases. This 
may be an indication of a restraining influence from 
the host or an inherent characteristic of the tumor.* 


SUMMARY AND CONCLUSIONS 


Fourteen spontaneous chicken sarcomas have been 
grouped according to the age of the chicken bearing 
the neoplasm. The presence of a causative virus, the 
transplantability of cells and other properties of the 
tumor have been studied. 

Of the 4 sarcomas found in chickens of from 12 to 
18 months of age (group 1) only one proved to be in- 
definitely transplantable and a causative virus could be 
demonstrated in its filtrates. 

Of the 5 sarcomas found in chickens of from 23 days 
to 18 weeks of age (group 3) none could be trans- 





3In collaboration with Dr. H. S. N. Greene it has been found 
that nontransplantable sarcomas, like tumor O and also some 
embryonal nephromas, can be successfully grafted into the 
anterior chamber of the eye, from homologous and heterologous 
hosts. The method could be developed to detect possible malig- 
nant potentialities in chicken tumors not disclosed by ordinary 
transplantation. On the other hand, tumors may undergo varia- 
tion in the eye of foreign species as exemplified by the case of 
the Rous sarcoma (13) and it is debatable if analogous changes 
could take place in the original host. 
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planted indefinitely although there are reasons to pre- 
sume that 3 of them could have been so transplanted— 
one being carried through 2 passages—while 2 others 
were carried through | passage each. 

Ot the 5 sarcomas found in chickens of from 5 to 
10 months of age, 4 proved to be indefinitely trans- 
plantable with causative viruses demonstrated in their 
cell-tree preparations, and the same could be presumed 
in the fitth sarcoma. 

Ot the 7 
from 8 to 30 months of age, only one, in an 8-9 month 


fibromas which occurred in chickens ot 


chicken, could be carried through 2 passages. 

Although indefinite transplantability and subsequent 
presence of tree virus were traits of sarcomas histo- 
logically classed as malignant, another 7 sarcomas with 
the same or a higher degree of histological malignancy 
tailed to show these features while the fibroma carried 
through 2 passages was histologically nonmalignant. 

In general a state of high malignancy in chickens 
was constantly associated with large, metastasizing sar- 
comas easily transplantable to chickens of | several 
breeds and also to foreign species, namely, newborn 
ducks. These tumors were found most frequently in 
mature but not old chickens. Presumably, they may 
occur in some young chickens also. In all the indefi- 
nitely transplantable tumors, neoplastic viruses, their 
causative agents, were demonstrated. 
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A Study of Five Transplantable Chicken Sarcomas 
Induced by Viruses* 


l*. Duran-Reynals, M.D., and Edward W. Shrigley, Ph.D., M.D. 


(rom the Department of Bacteriology and Immunology, Yale University School of Medicine, 
New Haven 11, Connecticut) 


(Received for publication March 15, 1946) 


In a preceding paper (7) we described the main 
features of 21 connective tissue tumors of chickens 
which may serve to indicate the influence of the age 
of the host and other factors on the transplantability 
and on the demonstration of causative viruses in these 
types of tumors. Five of the tumors, all sarcomas, 
proved to be indefinitely transplantable and to be pro- 
duced by filtrable viruses. These tumors are described 
in some detail in the present publication. 


METHODS 


As a routine the tumors were transplanted by means 
of cell suspensions. The tumor tissue was first cut in 
small pieces with scissors, passed through a mincer, and 
suspended in four parts of saline solution. Chicks and 
pullets were injected with 0.5 cc. of this suspension 
into each breast, while adult chickens received 2 cc. 

Filtrates were obtained by passing tumor extracts di- 
luted 1:20 in saline through Berkefeld “N” candles, 
and | cc. was injected into the jugular vein or in the 
breast. Desiccates were obtained in a vacuum with 
calcium chloride and the powder was kept in sealed 
tubes in the refrigerator. When needed they were 
resuspended in the minimum amount of saline which 
made the mixtures easy to inject. In this way the com- 
ponents of the tumor were always more concentrated 
in desiccates than in filtrates or extracts. One cubic 
centimeter of the desiccate preparation was injected 
into the breast. 

Tissue cultures were obtained of one of the tumors 
by using rabbit plasma, chick embryo juice, human 
placenta serum, and Tyrode’s solution in a Carrel flask. 

Sections were stained with the hematoxilin-eosin, 
and occasionally by the Masson method. 

The conventional signs used for the expression of 
results are represented in Fig. 1. Giving definite ages 
to what we call chicks, pullets, chickens, and hens is 
arbitrary but it simplifies analysis of the results. 








* This investigation was aided by grants from The Jane Coffin 
Childs Memorial Fund for Medical Research and The Donner 
Foundation, Incorporated. 


CHickEN Tumor B 


Description and behavior on transplantation.—This 
sarcoma was observed in March 1941, in a Plymouth 
Rock hen 6 to 10 months of age, obviously ill. The 
bird died and the autopsy disclosed the presence of a 
round, reddish, viscid mass, 8 cm. in diameter filling 
the abdominal cavity, and many smaller nodules at- 
tached to the peritoneum and mesentery. Possibly the 
tumor had originated in the ovary. 

Results on transplantation by cell suspensions in 7 
representative passages are given in Fig. 2. The tumor 
did very well in chicks of the first passage but very 
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poorly in the 2 following ones, only one chick of the 
hfth passage dying of generalized tumor in 5 months. 
This tumor grew so slowly that 2 months after inocula- 
tion no local growth was detected. From the lung 
metastases of this bird (the primary tumor was wholly 
necrotic) the tumor was successfully transplanted into 
25 adult chickens for another 9 passages. At the 12th 
passage the tumor was carried through 3 generations of 
tissue culture. It was then reinoculated into chicks and 
successfully passed through 14 chicks or older birds in 
another 5 passages. Through transplantation, the tu- 
mor kept the main gross traits of the original growth. 
In young hosts it was more soft, viscid and infiltrating 
than in adult ones. It grew in White Leghorns just as 
well as in Plymouth Rocks. 
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Generalized lesions—As shown in Fig. 2, metastases 
were frequently observed in the chicks of the first 3 
passages. Besides lung, liver, and spleen they were 
characteristically present in the intestinal tract, pan- 
creas, and in the skin, as well as in the bones as peri- 
osteal and endosteal tumors. Analogous bone tumors 
and also lung metastases were also present in the only 
chick of the fifth passage which responded to inocula- 
tion with tumors. Several chicks of the tissue culture 
strain also developed metastases but never in the skin 


Passages 2 > 





















































ue 400 cells 











cells 
cells 











2 4k in 





breast 








ttt th hb 
(fp ) 
a] 








breos! 


SS> breast 





15Ok 





























is r 





es 


venously with positive results from tumors of the sixth 
and 10th passage and also from one of the third pas. 
sage of the tissue culture strain, not represented in the 
chart. Filtrates from the tissue culture strain yielded 
periosteal and endosteal tumors, while the other fj 
trates induced in the spleen and liver both tumors and 
blood blebs. These lesions were exactly like those 
resulting from generalization of primary tumors. 
Desiccates from 10 young tumors from the first to 
the 13th passages were tested in young hosts. Only 4 
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Fic. 2.—Diagrammatic representation of chicken tumor B passages. 


or intestinal tract. Metastases in adult chickens were 
only found in the lungs. 

Hemorrhagic lesions were first observed in a chick 
of the second passage and in practically all the chicks 
of the tissue culture lines, but never in adult chickens. 
They were commonly found in spleen, liver, pancreas, 
intestines and bone-marrow, and occasionally in the 
meninges. The lesions and the evolution of the dis- 
ease were of the same sort as described for the Rous 
and Fujinami viruses (4). 

Effect of cell-free preparations——Free virus in the 
tumor was detected in the second passage coincidently 
with the appearance of hemorrhagic lesions in another 
chick of the series. Filtrates were again tested intra- 


of the desiccates proved to have some activity, never 
very great. The desiccates in these cases were never 
older than 75 days. Because we relied too much on the 
activity of older desiccates, this tumor strain was lost. 

Histological data—The original tumor was a fibro- 
myxosarcoma riddled with blood sinuses giving to tt 
a hemorrhagic appearance. There were areas of long, 
attenuated, fibroblasts alternating with other areas ot 
blunt or round cells. These elements were often very 
loosely arranged, and the abundant intercellular matrix 
was very rich in collagen. 

In the course of the passages both by cell suspensions 
and filtrates the tumor retained for two years the same 
polymorphism shown by the spontaneous tumor, but 
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it becamie much more cellular; collagen production 
became scant and the blood sinuses disappeared. 
Growth was always infiltrating and mitoses were rare. 

The periosteal and endosteal tumors consisted of 
either packed, attenuated fibroblasts or of loose, blunt, 
round cells, probably depending on the surrounding 
pressure. In chicks the endosteal tumors were some- 
times combined with hemorrhagic lesions, while in 
other cases only the latter were present. In no case was 
there a secondary formation of osteoid tissue, the initial 
stage of Osteopetrosis (5). 

Summary and comments.—Tumor B, a fast growing 
fibromyxosarcoma, did very well in young hosts in 
the first 3 passages. During this period free virus was 
present and generalization was frequent, involving 
characteristically the skin, digestive tract, and bones. 
Then, at the fourth and fifth passages the tumor did 
very poorly and the strain would have been lost had 
not one of the chicks developed late growths. From 
that time on, as though the virus had become adapted 
to transplantation, the tumor acquired a new vigor and 
grew in 100 per cent of hosts of all ages. Generaliza- 
tion was also frequent, especially in chicks, but the 
skin and the digestive tract were not involved and 
bones less frequently. 

During the first three passages the tumor was very 
much like some of the duck variants of the Rous 
virus, ¢.g., strains H.C. and H.V. (5), for in these 
variants the virus showed a characteristic affinity for 
the digestive tract, skin, and bones. Further, it would 
not grow in adult chickens, nor serially even in chicks. 
Final adaptation to chicken transplantation of tumor B 
seems to have taken place in the growths of the one 
bird that developed them in the fifth passage. 

From the fifth passage on, the tumor behaved much 
as the ordinary Rous sarcoma, with the minor excep- 
tions that with chicken tumor B, the lungs of adult 
birds were the organs exclusively affected by metastases 
and the virus did not survive desiccation to the same 
extent as the Rous agent. 


CHICKEN Tumor E 


Description and behavior on transplantation—A 
Plymouth Rock x Rhode Island Red hybrid was 
brought to us in March, 1943, at the age of 5 months 
with several nodules 3 x 2 cm. and smaller, in the 
wings and breast. They were firm, well encapsu- 
lated, and not viscid. Under anesthesia, they were 
removed, cell suspensions and filtrates obtained and 
injected into chicks and chickens. Both preparations 
induced tumors and by passing these a stable line was 
obtained. These tumors proved to be sarcomas. The 
chicken lived another 3 months and when very sick, 
was killed. Autopsy disclosed the presence of large, 


very firm, resilient tumors in both kidneys. These 
tumors proved to be embryonal nephromas. Other 
nodules 3 x 2 cm. and smaller were present in the 
muscles of the legs. These tumors proved to be sar- 
comas. The sarcomas removed 3 months before had 
recurred. Cell suspensions from the kidney tumors 
were injected into chicks but no growth ever resulted. 

The line from the tumors secured by biopsies was 
carried through 17 passages within a period of 11 
months by means of cell suspensions. The number of 
takes in birds of all ages was 77 per cent, but when 
the tumor was passed exclusively through chicks the 
percentage rose to 92 per cent. From the second pas- 
sage on, growth was fast and survival after inoculation 
was short. Frequently in adult chickens tumors did 
not grow or regressed after a period of initial growth. 
The tumors were generally soft, viscid and infiltrative. 
The behavior on transplantation during the first 7 pas- 
sages, quite representative of the whole line, may be 
seen in Fig. 6. 

Generalized lesions—Metastases were present “in 26 
out of 191 chickens of all ages showing tumors (13 per 
cent), but were rare in adult chickens. When present 
they were found in the liver, spleen and lungs and 
showed no unusual characteristics. In one chick each 
of the first, second, and seventh passages periosteal and 
endosteal tumors of the long bones were observed. 
Hemorrhagic lesions were not clearly manifest until 
the fifth passage as a result of generalization from 
tumors induced by desiccates. These lesions were 
observed in liver, spleen and lungs in 10 per cent of 
the chickens of the following passages. 

Effect of cell-free preparations —As shown in Fig. 3 
an interesting feature of the tumor is that free virus 
was present in the original growth as shown by the 
effectiveness of its filtrates, which induced tumors in 
4 of the 7 chicks injected. Also, in another chick the 
injection of cell suspension in the breast was ineffec- 
tive but tumors did develop in the spleen. In the 
course of the passages, filtrates from 9 young tumors 
grown in chicks were tested and they were found 
active in 6 cases. 

Desiccates from 3 chick-grown tumors were tested 
with positive results in all. One of the preparations 
was very effective 27 months after desiccation. 

The tumors induced by these cell-free preparations 
injected into the breast were like those induced by 
the inoculation of cells. The lesions induced by the 
intravenous injection of filtrates were generalized tu- 
mors or hemorrhagic blebs like those following gen- 
eralization of primary tumors. In only one chick of 
the second passage was there a widespread generaliza- 
tion with involvement of the skin, digestive tract, 
muscles and bones (periosteal and endosteal tumors) 
besides the other commonly affected organs. 
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Histological data—There were present in the kid- tumors induced in chicks by viruses of some of the 
ney, along with the gross tumors, microscopic growths duck variants of the Rous sarcoma, but not by the 
in the middle of relatively healthy renal tissue. All original Rous virus (5). 
these growths showed a picture of embryonal neph- Summary and comments.—The original host, when 
romas. They will be described in a forthcoming paper. — killed at the age of 8 months, showed the largest tu- 

The breast and wing tumors secured by biopsy mors in the kidney and many smaller ones in the 
were sarcomas, probably rhabdomyosarcomas, with muscles of the extremities and breast. Although the 
numerous giant cells, few or no mitoses, and a mod- first impression was that of primary kidney tumors 
erate amount of collagen. The leg tumors secured at with muscle metastases, the former were embryonal 
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Fic. 3.—Diagrammatic representation of chicken tumor E passages. 


autopsy were sarcomas as were those in the breast and —_ nephromas and the latter sarcomas. Only the sarcomas 
wing, but without giant cells. The fibroblastic cells proved to be transplantable and a causative virus could 
of all these tumors were large, elongated and arranged easily be demonstrated not only in the transplants but 
in whorls but sometimes they were small and round as__ also in the original tumors. They thus behaved like 


in the kidney tumors. the two sarcomas studied by Foulds, about which no 
In the course of the transplantation this picture kept details are given (8) and strain 7 of Jungherr (10). 

on repeating itself, one or, another type of cell pre- The sarcoma line behaved as if the virus was well 

dominating in the different random tumors. adapted from the very beginning. It grew steadily in 


The periosteal and endosteal tumors consisted of most of the chicks and pullets inoculated, and in this 
packed bundles of attenuated fibroblasts. Some sec- property, as in its morphology and in the stability of 
tions were extremely suggestive of a secondary forma- the virus in desiccated tissue, it resembled very much 
tion of osteoid tissue such as were observed in the bone — the tumors of the Rous sarcoma type. It differed from 
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nana 
them in the paucity of generalized lesions, in its more 
pronouncc«! inability to grow steadily in adult hosts, 
and possibly by some features shown by the bone 
tumors. J‘urther comments on tumor E will appear in 
a following publication. 














others of a smaller size. The bird was killed and 
autopsy showed the tumor to consist of a medium firm 
or soft viscid tissue with some necrosis in the deeper 
parts. A metastasis measuring 5 X 5 mm. was found 
in the lung. 
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Fic. 4.—Diagrammatic representation of chicken tumor D 1 passages. 


CHICKEN Tumor D 1 


Description and behavior on transplantation—The 
original chicken was a Plymouth Rock x Rhode 
Island Red hybrid hen 8 months old brought to our lab- 
oratory in December, 1944, showing in the breast 4 
main confluent tumors about 5 x 5 x 3 cm. and 


Over a period of 10 months the tumor has been 
carried by means of cell suspensions through 15 pas- 
sages of which 7, the most representative, are expressed 
in Fig. 4. It is clear that the tumor did very poorly 
at the beginning and it was almost by chance that a 
stable line was secured. No growth was obtained in 
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adult chickens and regressions even in young hosts 
were frequent. However, the tumor became progres- 
sively adapted to transplantation and from the sixth 
passage on no more regressions took place. The inci- 
dence of takes, at least in young hosts, was nearly 
100 per cent with a survival period shorter than in the 
earlier passages. Viscidity seemed to be a feature of the 
fast growing tumors. In all the passages the tumor 
grew in hybrids as well as in Plymouth Rocks. 

Generalized lesions—During the first 6 passages 
only 2 chicks showed metastases. In the next 10 pas- 
sages metastases developed in 8 of 73 chicks and pul- 
lets showing tumors; in 2 cases these were combined 
with hemorrhagic lesions. The metastases generally 
discrete, were located in the liver and lungs, and in one 
case in the ovary. 

Hemorrhagic lesions were first observed in chicks 
at the seventh passage, the number of cases showing 
them in the next 10 passages was 8; in 2 cases these 
were combined with gross tumors. The blebs were 
located in the liver and spleen, and showed the usual 
characteristics described for tumor viruses. 

In some chicks there were abundant small areas of 
necrosis in the liver, in addition to tumors, to hemor- 
rhagic lesions or to both. 

Effect of cell-free preparations.—Filtrates were tested 
from the original tumor, and from tumors of the third, 
hfth, and eighth passages with negative results, while 
those from the fourth, ninth, tenth, 11th, 12th and 
13th induced tumors. Of 13 chicks injected with fil- 
trates of the growths from the fifth and tenth passages 
only 2 developed lesions while infection was manifest 
in 22 of 33 chicks injected with filtrates of tumors 
from later passages. The number of generalized lesions 
—neoplastic and hemorrhagic—induced by filtrates 
from 20 primary breast tumors was 8, a_ higher 
incidence than when cells were used for inoculation 
material. The lesions induced by filtrates were of the 
same sort as those induced by cells. Focal necrosis in 
the liver was also observed. 

Histological data.—The original tumor was a fibro- 
myxosarcoma, rather pleomorphic, somewhat infl- 
trated by mononuclear cells, showing few mitoses, and 
abundantly vascularized. The most common pattern 
in the course of the passages consisted of packed 
bundles of fibroblasts, often in mitotic division, alter- 
nating with loose areas of large distorted cells and 
occasional giant cells. 

The random sections available of hemorrhagic le- 
sions in the liver show absence of neoplasia. Necrosis 
in this organ was either scattered in small groups of 
cells or in larger foci sometimes in a periportal loca- 
tion. These lesions were absent in the liver of the 
original chicken. 

Summary and comments.—This is a tumor of the 


Rous type which did not become adapted to trang. 
plantation until carried through 5 passages within 4 
period of from 3 to 4 months. The history of the trans. 
plantation illustrates the part chance can play in the 
establishment of a stable tumor line, for had the only 
chick of the first passage that developed tumors died 
accidentally the neoplasm would have been considered 
as nontransplantable. 

It is worth noting that hemorrhagic lesions did not 
appear until the eighth passage, 6 months after the 
line was started, when free virus was abundant in the 
tumors, as observed with the Rous sarcoma. With 
the latter it took 15 months to reach the eighth passage, 
but adult chickens were used (11, 13). 

Study of chicken tumor D 1 is still in_ progress, 
special attention being paid to the nature of the 
necrotic lesions in the liver. 


CHICKEN Tumor V 1 


Description and behavior on _ transplantation—A 
normal Plymouth Rock hen was purchased at the age 
of 12 months and kept in the general animal room. 
In February, 1945, the bird died at the age of 18 
months and the autopsy disclosed the presence of a 
tumor 10 cm. in diameter in the ovary. The growth 
consisted of many nodules in a grape-like arrange- 
ment, some composed of a very viscid tumor tissue, 
others just sacs of blood. The derivation of these 
nodules from normal ova could clearly be observed. A 
large blood clot surrounded the neoplasm. The mesen- 
tery of the adjacent intestine was studded with small 
metastasic tumors. — 

As is shown in Fig. 5, the tumor grew well at once 
but some regressions occurred later. It is now at the 
eighth passage, 7 months after the first transplant. The 
tumors grew moderately fast and retained the gross 
characteristics of the original tumor, but the growths 
themselves were not hemorrhagic. Plymouth Rock, 
Rhode Island Reds and their hybrids were used, all 
with the same success. 

Generalized lesions—Metastases appeared from the 
first passage. Those in the adult chicken occurred in 
the ovary and were hemorrhagic, thus reproducing 
the gross features of the original tumor. Those occur- 
ring in chicks from the first or other passages were 
mostly located in the liver and in the lungs. 

Hemorrhagic lesions also developed at the first pas- 
sage, this being the only tumor where such event was 
observed. They were present mostly in the liver, 
spleen and lungs, the organs often being studded with 
blebs. 

Effect of cell-free preparations.—Filtrates tested at 
the fifth and seventh passages gave positive results 10 


10 of the 19 chicks injected. 
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Histolocical data—The original tumor was a rather 
loose fibromyxosarcoma consisting of bundles of rather 
small cells, generally fusiform, but sometimes round 
and rarely in mitosis. Some giant cells and nodules of 
‘nfiltratiny round cells were observed. This picture was 
reproduced throughout the transplants with the only 
difference that the tumor became more dense and was 
frequently arranged in packed whorls. Giant cells were 
constantly present in both the primary tumor and the 





































































































spread neoplastic and hemorrhagic lesions, even at the 
first passage. This makes it probable that free virus 
would have been found in the tumors of the first pas- 
sage and even in the original tumor if it had been 
looked for. Indeed, the tumor behaved from the 
beginning as others did after several transfers. Yet one 
can rule out the possibility of a contamination—an 
event never observed in chicken tumors—since the 
tumor showed very definite morphological features 
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Fic. 5.—Diagrammatic representation of chicken tumor V 1 passages. 


metastases. Collagen was scant. Altogether, the tumor 
was morphologically quite characteristic and could 
easily be distinguished from the others with similar 
gross traits. 

The hemorrhagic lesions were of the sort described 
for other tumors. In most cases they were free of 
tumor tissue. 

Summary and comments.—This is the only tumor 
of the series that developed in a rather old chicken at 
a period of life at which other tumors were observed 
to be nontransplantable (7). However, the neoplasm 
grew very well in the transplants and induced wide- 


which easily distinguished it from other chicken tu- 
mors. A more detailed study of this neoplasm is now 
under way. 


CHICKEN [TUMoR C 


Description and behavior on transplantation—A 
Rhode Island Red hen, from 5 to 10 months of age, 
was brought to our laboratory in March, 1942, bearing 
a tumor 9 X 4 X 4 cm. in size in the lower part of 
the breast. Two much smaller tumors were found 
attached to the breast bone and in the skin around 


the anus. The bird was killed and the autopsy dis- 
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closed in the abdomen an extension of the primary 
tumor (the abdominal tumor measured 8 X 4 X 4 
cm.) plus two metastases in the liver, another in a ves- 
sel around the spleen, and still another in the thoracic 
wall compressing the lung. All tumors were extremely 
firm, generally non-viscid, devoid of necrosis, and 
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days after inoculation of cells and death occurred jn q 
few weeks. In adult chickens growth was very slow 
and death did not occur until sometime more than | 
year after inoculation when the tumor had reached an 
enormous size. The incidence of takes was 82 per cent 
if tumors from young hosts were used, but only 38 
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Fic. 6.—Diagrammatic representation of chicken tumor C passages. 


showed cavities full of a yellowish serous fluid. They 
were fibrosarcomas. 

The results of transplantation during the first 7 pas- 
sages are shown in Fig. 6. The adult chicken and some 
chicks of the first passage were Plymouth Rocks while 
the .pullets were Rhode Island Reds. Growth was 
obtained in all of these. In the course of almost 4 years 
the tumor has been carried through 20 passages, in 
Rhode Island Reds, Plymouth Rock chickens, or their 


hybrids. In chicks, growth was manifest from a few 


per cent with tumors from older hosts. The gross 
characteristics of the tumor in the original host were 
reproduced in the passages. 

Generalized lesions —Metastases were observed in 
only 5 per cent of the chickens showing tumors and 
never were widespread. They were located in the 
liver and lung and in one case in intestines and ovary. 
They showed the same gross traits as the primary 
tumors. Hemorrhagic lesions were never observed. 

Effects of cell-free preparations.—Filtrates were 
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tested at the second, sixth, eighth, ninth, 16th, and 
18th passages with negative results and at the seventh, 
15th, 17th, and 19th passages with positive results. 
There were indications that filtrates from tumors 
grown if young hosts were more effective than those 
grown in old ones. The filtrates that gave positive 
results were far from being very active, since only 
9 of the 28 chicks inoculated developed tumors and 
these were solitary in most cases even when the filtrate 
was injected intravenously. The organs affected in the 
latter case were the liver and spleen. 

Desiccates 48 days old were tried once at the seventh 
passage on 2 chicks with positive results. The tumors 
induced by both filtrates and desiccates were of the 
same morphology as those induced by cells. 

Histological data—The original tumor was a very 
collagenous fibrosarcoma consisting of bundles of very 
attenuated fibroblasts densely packed and with rare 
mitoses. Some other tumors were frankly fibromatous. 
This picture was faithfully reproduced throughout the 
passages in both primary tumors and metastases. 
Growths were sometimes infiltrating. 

Summary and comments—The tumor was entirely 
different from those of the Rous sarcoma type. It 
was a very firm, slowly growing tumor specially in 
adult hosts, metastasizing but rarely, and never in- 
ducing hemorrhagic lesions. Paralleling this relative 
benignity free virus was found only in occasional tu- 
mors. The tumor was well adapted to transplantation 
through chickens from the very beginning and it grew 
steadily in them regardless of their age. In its histology 
and behavior it is much like Mill Hill 1 of Begg (1), 
but contrary to the latter, which became more malig- 
nant at the seventh passage, chicken tumor C has kept 
its initial characteristics throughout 20 passages. 


DISCUSSION 


It is evident from our studies and those of others 
that chicken tumors may be classified according to cer- 
tain common properties. However, differences do oc- 
cur that show that these growths are not identical. The 
situation is very much like that observed with the 
several tumor strains obtained experimentally by adapt- 
ing the Rous virus to foreign species. It was shown 
in the latter case that the plurality of strains involved 
variation of the tumor virus in much the same way as 
inflammatory viruses may vary (5, 6). 

The fast growing chicken tumors E and V1 be- 
haved as if they were adapted to transplantation 
through chickens from the first passages and the same 
was true of the slowly growing tumor C and of the 
osteochondrosarcoma of Rous and his associates (12) 
and sarcomas Mill Hill 1 and 14 (1, 9). On the other 


hand, fast growing tumors B and D 1 did not become 


fully adapted to transplantation to chickens until car- 
ried through a number of passages, and the same was 
true for chicken tumors 1, 18 and 43 of Rous and his 
group, and many other tumors. Therefore, speed of 
growth is not an indication of adaptability to trans- 
plantation. 

On trying to correlate the presence and abundance 
of a free virus active for chickens with the behavior 
of the tumor one notes that in tumor E, and probably 
in V 1, free virus was present in the original tumors 
and in the tumors of the first few passages. On the 
other hand, in tumors B and D 1 free virus, active for 
chickens, was scanty or absent before the tumor became 
adapted to transplantation, but plentiful later. The 
same is probably true for the tumors studied by others 
in which adaptation was not achieved until after sev- 
eral passages. In slowly growing tumor C, virus was 
demonstrated with irregularity throughout transplanta- 
tion and the same was probably true for the analogous 
tumors described by others. 

In our fast growing tumors the presence of free virus 
in a given passage was accompanied by the appearance 
of hemorrhagic disease, although in the case of tumor 
E there might have been a delay in the appearance of 
these lesions. The virus of slow-growing tumor C 
never induced blebs but in our experience the virus of 
the rapid growing Mill Hill 2 endothelioma of Begg 
did not induce hemorrhagic disease either, despite its 
affinity for the vascular system (4). With rare excep- 
tions hemorrhagic disease was only induced in young 
hosts, as was the case with the Rous and Fujinami 
viruses. That young hosts are more susceptible than 
are old ones has been fully shown with our tumors, 
and some of the lines would probably have been lost 
had not chicks and pullets been employed. Another 
factor of importance in maintaining the tumor lines 
is the stability of the virus in desiccates. That of tumor 
E was very stable; that of tumor B was not. 

The breed of the inoculated chickens played no part 
in determining the results in the transplantation of our 
tumors and of the tumors studied in this respect by 
others. Moreover, 4 of our tumors grew well when 
transplanted into ducklings. However, that by genetic 
selection it is possible to develop lines of chickens 
resistant to transplantable chicken sarcomas is shown 


by the work of Cole (3) and Carr (2). 


SUMMARY 


Five sarcomas spontaneously developing in chickens 
have been carried through this species in a number of 
passages by inoculation of cells, and they may be con- 
sidered as indefinitely transplantable. Four of them 
were found in chickens of from 5 to 10 months of age; 
the fifth, in a chicken 18 months old. All had induced 


metastases in the original host. A causative virus has 
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been demonstrated in each of the tumors, in one case 
in the original growth itself. 

In 4 of the lines hemorrhagic disease developed at 
the same time that free virus was demonstrated in cell- 
free preparations. In the fifth tumor, a slow-growing 
fibrosarcoma, the virus never induced hemorrhagic 
lesions although not infrequently metastases were pres- 
ent. Although the tumors can be classified as to cer- 
tain common properties, each of them has typical fea- 
tures that justify the statement that no two of them 
are identical. Each of them raises different problems, 
which are discussed. 
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In previous publications (7, 8) a report has been 
made of 14 sarcomas and 7 fibromas naturally occur- 
ring in chickens and of the successful transplantation 
of 5 of the sarcomas for an indefinite number of gen- 
erations. Transplantation of the other sarcomas either 
failed or was successful for a few passages only. As 
indicative of causes for these differences our data and 
those of other workers revealed that the age of the bird 
bearing the tumor may exert an influence, in the sense 
that optimum conditions for indefinite transplanta- 
bility seem to be present in tumors developing in chick- 
ens of from about 5 to 12 months of age. Exceptions to 
this were found and no final conclusions were drawn 
pending results of other studies. In the present publica- 
tion we report the results obtained in attempting trans- 
plantation of 12 lymphoid tumors, 10 embryonal neph- 
romas, and 2 epithelial tumors. 


MATERIALS AND METHODS 


Most of the tumor-bearing chickens came from the 
same farm as had the birds with sarcomas and fibro- 
mas (7). The birds were brought alive to the labora- 
tory. Tumor preparations were secured and injected 
immediately. Cell suspensions consisted of one part of 
tumor tissue passed through a mincer and 4 cc. of 
saline solution. Filtrates were made of one part of 
ground tumor and 19 cc. of saline solution passed 
through a Berkefeld “N” filter. Chicks of from 1 to 
20 days of age, secured from a commercial hatchery, 
were usually injected with 1 cc. of cell suspension or 
hitrate in the breast but in some cases with 1 cc. of 
filtrate in the jugular vein. Adult chickens received 
2 cc. of cell suspension into each breast. The results 
obtained are shown in the tables by the figure of posi- 
tive inoculations in relation to the total number of 
animals inoculated. 


LympHorp [Tumors 


Neoplasia of the lymphoid cells is very common in 
chickens. The literature concerned with the transmis- 
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sion of the disease in its manifold manifestations and 
the demonstration of causative viruses is most exten- 
sive, but the data are often contradictory (19, 26). If 
in the opinion of some workers the problem is still 
unsettled, flawless experiments have shown that many 
of these neoplasms are transmissible by both cells and 
cell-free preparations as lymphoid neoplasia, or are 
obviously associated with erythro- and myeloid leuko- 
sis, tumors, and osteopetrosis (2, 5, 14, 15, 17, 18, 20). 

We have tried to find in the data of other workers 
whether the age of the donor host influenced the trans- 
missibility of the disease. In the series of Burmester 
and Prickett (3, 4), 4 of 5 cases from donors between 
386 and 421 days old were successfully transplanted, 
but none of 3 other cases from donors between 428 and 
532 days old and another from a donor 72 days old 
were transplantable. Jungherr (18) transplanted 5 of 
6 cases from donors of between 5 and 7 months of 
age.’ In the series of Furth (14, 15), strains 2, 5, 11, 
12, 13, and 15 were derived from lesions found in 
chickens that appeared to be under 1 year of age. The 
original Olson tumor was found in a chicken 5Y 
months old, but another tumor * of the series from a 
chicken 7 months old was not transplantable (25). 
The data do not allow a final conclusion but they do 
not contradict what was observed in the case of chicken 
sarcomas. 

The number of lymphoid tumors in our series is 18, 
all of them occurring in female Rhode Island Red x 
Plymouth Rock hybrids on the same farm, from 1943 
to 1945. The age of 17 of the affected birds ranged 
from 5 to 24 months, the other bird was 10 weeks old. 
They were all typical cases of visceral lymphomatosis 
without gross involvement of the iris and nervous sys- 
tem. Taking the generalized forms as a whole, tumors 
were tested from practically all viscera and the skin, 





1 Another case from a donor 24 months old did not result in 
obvious takes in the first passage, but a second passage from 
blood showing abnormal lymphoid cells of 1 of the 3 young 
birds injected gave positive results. The spontaneous incidence 
of neoplasia in the controls was 1.4 per cent. 

2 We are indebted to Drs. Burmester, Prickett, and Furth for 
supplying us with these data. 
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bone, and muscle. The solitary tumors measured in 
their largest diameters from 3 <3 cm. to 12 * 6 cm. 
Histologically they showed the usual features, de- 
scribed by many authors, of typical cases of lymphoma- 
tosis not associated with other leukoses or tumors. In 
tumor I 1, there was a large carcinoma of the ovary 
in addition to the lymphoid tumors. 

Twelve of the tumors were tested for transmissi- 
bility. The chickens injected were Plymouth Rocks or 
its cross with Rhode Island Reds. They were observed 
for a minimum of 30 days, often for 50 and sometimes 
9) days after inoculation. Some of the chicks were in- 
jected in the peritoneum as well as in the breast. 
Two of the tumors were also injected into adult chick- 
ens and into newborn ducks. As the results in Table I 


TABLE I: TRANSPLANTATION OF LYMPHOID TUMORS 
Age ot 
tumor- 
bearing 
Designa- chicken, Type of 
No. tion mo. tumor Cells Filtrates 
| R 24 Solitary in 0/5 
liver 
2 QO 24 Solitary 1n 0/6 
neck 
3 S 24 Generalized 0/5 
+ R 1 9 “ 0/8 
5 I 1 8 - 0/6 
6 M | 8 is 0/6 
7 O 1 8 " 0/5 
8 K 1 8 2 0/10 0/6 
9 E 1 5 Digestive 0/5 0/10 
tract 
10 H 1 5 Generalized 0/5 
1] E | 5 Solitary in 0/3 0/8 
cloacae 
12 M 5 Solitary in 0/10 0/7 
breast 


show, in no case was it possible to transplant the tu- 
mors, and careful autopsies of the injected chicks did 
not disclose any suspicious gross change in the tissues. 


EMBRYONAL NEPHROMAS 


These tumors occur rather frequently in chickens. 
Olson and Bullis (26) found them in 5.5 per cent of 
their cases, Goss and also Jackson in 3.5 per cent (11). 
Foulds (13) attempted transplantation of 13 embryonal 
nephromas without success. Baker (1) carried through 
at least one passage an embryonal ovarian tumor which 
produced a sex hormone in the transplants. The tumor 
contained several types of cells, namely, polygonal or 
ovoid, with either a non-granular or a vacuolated cyto- 
plasm probably derived from the theca interna islands 
of columnar-cell tubules and small cysts, and masses 
and strands of keratinizing squamous cell epithelium. 
The analogies with embryonal nephromas are obvious. 
Olson and Bullis also found an embryonal nephroma 


—————., 
in a bird affected with a hormonal disturbance (26), 
We have found 10 of these neoplasms in about 59 
chickens bearing tumors. Although about 40 of these 
chickens, including the 10 bearing these neoplasms, 
came from the same farm, we cannot state that the 
real incidence of embryonal nephromas in that flock 
of chickens was as high as 22 per cent, since chance 
may have played a part in the selection of the tumor. 
bearing birds. All the tumors were found in Rhode 
Island-Plymouth Rock hybrid females. These hybrids 
and also Plymouth Rock chickens were employed for 
transplantation. Other characteristics of the tumors 
and of their hosts, and the results obtained from their 
study are summarized in Table II. 

Cell suspensions of tumors A, N, and Y were also 
injected into newborn ducks with negative results, 
Tumor N was grafted into the anterior chamber of 
the eye of chickens, ducks and guinea pigs. These re- 
sults will be reported elsewhere. 

Seven of the tumors were found as arising from or 
invading one or both kidneys, while the other 3 were 
extrarenal. Microscopically, despite pronounced indi- 
vidual differences, they all showed the typical em- 
bryonal picture so often described in some mammals 
and man (Wilms’ tumor). The cylindrical cells were 
arranged in adenomatous and alveolar structures com- 
bined with round or spindle cells in indifferent ar- 
rangements. We shall refer to the latter as the fibro- 
blastic part. A brief description of the tumors with a 
more detailed account of the transplantation experi- 
ments follows: 


Tumors B1, F, N, Pl ann N 1 


These tumors ranged in size from 6 X 6 X 4 cm. 
to 12 x 10 x 10 cm. In general they consisted of a 
healthy, firm, juicy tissue with a more or less pro- 
nounced tendency to form cysts filled with a yellowish, 
not viscid fluid. They replaced most of the renal 
tissue, but were well demarkated and showed a capsule 
of variable thickness. Tumor N, the largest of all, was 
extrarenal and had caused an extension of small size 
loosely attached to the intestine. The bird bearing 
tumor P 1 had lymphomatosis of the liver and of the 
spleen and the one bearing tumor N | had a fibroma 
5 x 3 xX 3 cm. arising from the lower costal margin. 
This tumor was included in the group of connective 
tissue neoplasms as tumor N 1, which proved to be 
nontransplantable (7). 

Microscopically, the tumors varied greatly in cellular 
structure. In tumor F the greater part of the tissue 
consisted of a hyaline matrix with collagenous fibers, 
the opposite being true in tumor N 1. Epithelial struc- 
tures were most varied and pearls of keratinizing epr 
thelium were observed in tumors B1, N, and N1. 
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TABLE II: “TRANSPLANTATION OF EMBRYONAL NEPHROMAS 


Age of 
tumor- 
bearing Cells 
Designa- chicken, Metastases; extension; p J - Filtrates 
No. tion mos. concomitant neoplasia Chicks Chickens chicks Results 
| B x none )/4 0/2 0/3 Nontransplantable 
y I: 5 " ()/2 0/2 0/3 
3 N 24 Extension to intestine 0/7 0/3 . 
4 Pp | § Lymphomatosis of liver 0/8 ° 
and spleen 
5 N 1 8 hibroma in costal mar- 0/9 
gin 
( A 30) Metastasis in liver 0/4 0/8 7 
Extension to intestine 
7 1) 4-5 Metastasis in liver; sar- 0/1 0/3 
comas in muscles 
From liver 
and muscle 
growths 
s Y 5 Hemorrhagic metastases 1/6 Probably carried |] 
in liver? passage as fibroma 
y) U 1 7 Metastasis in liver 1/4 0/8 Carried one passage 
as embryonal 
nephroma with 
sarcomatous _ fea- 
tures 
P Sarcomas in muscles 0/4 
From kidney 
} growth 
0 OE 5 4/5 3/4 Carried _ indefinitely 
From sarcomas as sarcoma 
| of muscles 





The fibroblastic part showed cells ranging from the 10 cm. in diameter looking like a bunch of grapes and 
small, round, clear, embryonal type to attenuated spin- attached by a pedicle to the anterior abdominal wall. 
dle cells. In some cases mitoses were frequent and the Each of the many cysts was filled with a dark, serous 
impression was one of malignancy. Such was the case non-viscid fluid. Cystic viscid nodules ranging in 
in tumor N 1, but the fibroma in the same chicken was diameter from 1 mm. to 1 cm. were abundant in the 
benign in appearance. Foci of hemorrhage were quite mesentery and in the liver. In the breast there was a 
frequent. round cystic mass about 3 cm. in diameter filled with 
a slightly hemorrhagic, very viscid fluid, and several 
identical nodules but smaller. 


Tumor A 


This tumor was a firm, cystic mass 12 x 10 x 12 Histologically, the walls of the cysts in the abdomi- 


cm. filling the abdominal cavity and not involving the al growth consisted mostly of malignant-looking, 
kidneys. Several small nodules, extensions of the main large spindle or stellate cells in dense, small whorls 
tumor, were loosely attached to the intestines while a which sometimes arranged themselves in such a way 
metatasis 1.5 Xx 1 cm. was present in the liver. This aS to imitate rudimentary glomeruli. Other areas 
tumor differed from the ones just described in that showed the small, clear, round or oval cells, so fre- 
it contained large masses of cartilage and keratinizing quently seen in most embryonal nephromas. Between 
formations. The liver metastasis consisted, as did the these formations there were large tortuous clefts and 
primary tumor itself, of epithelial formations arranged "umerous blood vessels of similar size and shape. Some 
as in an adenocarcinoma but with complete exclusion areas of the growth gave the impression of cavernous 
of cartilage and keratinizing pearls and very few fibro- hemangiomas. | 
blastic elements. The growth was not infiltrative. Only one of the liver metastases was studied histo- 
logically, since the others were used for transplantation 
purposes. It consisted exclusively of the typical small, 
clear, round or ovoid cells. The picture was the same 
A young chicken obviously sick was brought to the as in the liver metastasis of tumor U 1, to be described 
laboratory with a much distended abdomen and died later, but there was no limiting membrane and the 
shortly afterward. Autopsy disclosed a mass about growth was infiltrating. 


Tumor D 
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The tumors in the breast muscles were typical 
sarcomas consisting of large pleomorphic spindle cells 
in some areas analogous to the malignant-looking cells 
of the abdominal growth. The tumors showed large 
cavities in which loose tumor cells were observed as if 
growing in tissue cultures. Other analogous cavities 
contained blood: A vigorous fibrous stroma rich in 
large tortuous vessels would sometimes wall off part 
of these cavities and would subdivide the tumor tissue 
of the walls into other smaller cystic units. On the 
whole, these tumors showed several gross architectural 
analogies with the abdominal tumor. These have been 
included in our study of the sarcomas under the desig- 
nation of tumor D (7). 

Concerning the failure to transplant the tumor it 
must be said first, that sarcoma tissue 1n the inoculum 
was rather scanty and, second, that of the 4 chickens 
inoculated only 1 was young. Conceivably if more 
sarcoma tissue had been injected into a larger number 
of chicks, takes would have been obtained. 


Tumor Y 


A soft, not viscid tumor, 5 X 2.5 X 2.5 cm., in the 
upper part of the right kidney with two large cysts 
protruding from its surface, of which one looked like 
a purse filled with blood. Analogous large bloody 
cysts were found in the muscles of the thigh and sev- 
eral small ones were present in the liver. 

The kidney tumor consisted of equal parts of ept- 
thelial elements, with some keratinizing pearls, and 
long attenuated fibroblasts. There were large cavities 
in which blood was found, and some infiltration by 
myeloid cells. The liver lesions were cysts filled with 
blood, and a capsule of spindle cells surrounded by a 
crown of small, probably lymphoid, cells. These lesions 
seemed to be metastases of the kidney tumor. 

One of the chicks, a 15-day-old Plymouth Rock, 
inoculated in the breast with cell suspension, developed 
about 1 month after inoculation a tumor-like lesion 
beside the xyphoid, a location where transplantable tu- 
mors sometimes develop as a result of displacement 
of the inoculum injected higher in the muscles. The 
bird was sacrificed 80 days after inoculation and a firm 
mass 2 X 1 cm. was found which microscopically 
looked like a typical fibroma composed of long attenu- 
ated spindle cells. None of the other birds showed any 
such lesion and this, together with the relatively long 
time required for the lesion to develop, seems to favor 
the interpretation that it was a growth. A passage 
of the lesion into 4 other chicks by means of cell 
suspension was attempted but failed. 


Tumor U 1 


A round soft tumor 9 cm. in diameter entirely re- 


placed the right kidney and had invaded and destroyed 


ce 


the gall bladder. The tumor was impregnated by a 
gelatinous fluid in which blood and bile were obviously 
present. Such fluid also filled up the abdominal cavity 
of the host. A metastasis 0.5 * 0.5 cm. was present 
in the liver. 

Histologically, the tumor consisted of a major part 
of a fibrillar, fibrinous matrix and a minor part of 
either fibroblastic or epithelial cells both typical of 
embryonal nephroma. The former were clear round 
or elongated cells in packed sheets with attenuated 
fibroblasts loosely arranged. The latter were arranged 
In structures imitating glomeruli, acini and ducts. Ex- 
travasated blood was abundant and there was a fair 
amount of infiltration by myeloid cells. A fibrous cap. 
sule in the tumor was either thin or lacking altogether, 

The liver tumor consisted exclusively of the clear, 
round cells identical to the fibroblastic cells of the kid- 
ney tumor, surrounded by a rather thick fibrous cap- 
sule. The tumor was transplanted by cells into 4 chicks 
and it grew in one. It consisted essentially of the same 
elements as the renal tumor, but the fibroblastic cells 
were far more pleomorphic and frankly predominated 
over the epithelial elements. A new element was a 
vigorous stroma, which divided the tumor in islets. 
Areas of both the fibroblastic cells and of the stroma 
looked like genuine malignant sarcoma. There was 
a heavy lymphocytic infiltration. Transplantation of 
that tumor by trocar into 9 chicks failed. 


Tumor E 


A description ‘of this tumor and accompanying sar- 
comas and of their behavior on transplantation has 
been given in foregoing publications (7, 8). The 
chicken was brought to our laboratory at the age of 
5 months with several superficial nodules in the mus- 
cles of the breast and wings, the largest being 3 x 2 
cm. They were firm, well capsulated and non-viscid 
sarcomas (Fig. 1). Cell suspensions and _ filtrates of 
these growths removed by biopsy induced tumors in 
chicks and pullets, the first generation of an indef- 
nitely transplantable sarcoma which was designated as 
Tumor E (7). The chicken was killed after another 
3 months when it was very ill. Autopsy disclosed the 
presence of embryonal nephromas in both kidneys and 
about a dozen ordinary sarcomas, either hard and not 
viscid or soft and viscid, about 3 « 2 cm. and smaller 
in the muscles of the lower extremities. 

There was in the right kidney a mass 6 x 5 X 4 cm. 
and other smaller masses either in the same or in the 
left kidney. Some additional microscopic tumors were 
discovered. The gross tumors were smooth, firm, non- 
viscid growths. At least nine-tenths of them consisted 
of a hyaline material in which could be observed loose 
bundles of collagen, some fibroblasts and occasional 
epithelial formations in alveolar arrangement, the lat 
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ter incre.sing at the periphery. A few areas were very the growth had the gross features of a tumor of the 
cellular with a great majority of rather pleomorphic Rous sarcoma type and apparently secreted the same 
fibroblastic cells arranged in sheets giving often an im- viscid material (hyaluronic acid? ). Of special interest 
pression of malignancy and here and there showing is the fact that at the second passage a sarcoma devel- 
mitoses. ‘The epithelial cells were arranged in rather oped months after injection in the same site where 
simple acini and duct-like structures. Hemorrhagic the carcinoma had been injected, and that this tumor 
foci and discrete infiltration by myeloid cells were ob- was transplanted and subsequently transmitted by fil- 
served (Fig. 2). A capsule around the tumors was trates (13). 





either thin or lacking. Cell suspensions of this tumor Oberling and his co-workers (23) injected a chicken 
injected into chicks induced no growths. with virus of the MH2 endothelioma. The bird died 
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Fic. 1—Tumor E. One of the sarcoma nodules in the leg. Mag. * 120. 
Fic. 2.—Tumor E. The kidney tumor. Mag. 120. 


EpirHeLiAL Tumors 5} months after inoculation with primary carcinoma of 
the liver. Of 2 chickens injected with this material 
one died with leukosis and retrorenal myeloma. From 
the latter tumor a strain of leukosis was originated. 
When infectious blood and tissues were injected in the 
muscles after storage in glycerol sarcomas resulted. In 
two cases epithelial neoplasms developed at the side 
of a sarcomatous mass, which was believed to have 


Feldman and Olson (11) discuss at length the inci- 
dence of these neoplasms compared to sarcomas and to 
other tumors in chickens. In general, epithelial malig- 
nancy is far less common than that of mesenchymal 
tissues. Probably the difference is still apparent even if 
lymphoid tumors are excluded. Carcinomas seem to 
occur in adult rather than in young birds. 

The only transplantable carcinoma so far known is been induced by the same virus. 
that described by Foulds (12). The tumor arose from Only 2 epithelial tumors were found. One, in a 
the oviduct of an old Leghorn hen, which 24 years chicken 2 years old, was a soft round mass 2 cm. in 
before had been injected with virus of MH2 endo- diameter at the tip of the wing. It consisted of large 
thelioma. The tumor was carried, in many passages, acini formed by cells secreting a mucin-like material 
through several breeds of chickens, the original White with no special traits of malignancy and an abundant 
Leghorn breed being the least satisfactory. Sometimes myxomatous stroma. It could be diagnosed as a benign 
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neoplasm of the skin glands. The other was a large 
adenocarcinoma of the ovary with abundant fibroma- 
tous stroma in the same chicken, aged 8 months, that 
bore lymphoid tumor I. The 2 epithelial tumors in- 
jected into chicks did not induce any growth. 


DISCUSSION 


In our hands transplantation of lymphoid tumors 
failed under the same experimental conditions that al- 
lowed transmission of some sarcomas and regardless 
of the age of the donor host. Whether we would have 
succeeded had we kept the injected animals a longer 
time we cannot say. 

Since other workers have transplanted lymphoid neo- 
plasia and obtained growth shortly after, it is clear that 
other factors are at play and one of them may well be 
the genetic susceptibility of the recipient chicks. Thus, 
Blakemore (2) and Burmester and Prickett (3) em- 
ployed inbred chicks selected for their relative suscepti- 
bility to naturally occurring lymphomatosis (28). Lee 
and his group (20) noticed considerable differences in 
the results of injection of White Leghorn chicks with 
material from a lymphomatosis-leukosis complex de- 
pending on whether the birds belonged to “resistant” 
or “susceptible” flocks. On the other hand, no mention 
is made of special susceptibility of the recipient chicks 
in the experiments of Jungherr (18), Olson (25), John- 
son (17) and Furth (14, 15), and it may be pertinent 
to recall that in erythroblastic-granuloblastic leukoses, 
as in the case of sarcomas, all breeds of chickens as well 
as some foreign species can be experimentally in- 
fected (24). 

But even when special susceptible chicks are em- 
ployed some cases of spontaneous lymphomatosis are 
transmissible but others are not (3). The problem is 
then analogous to that of the transmission of spontane- 
ous sarcomas. One may feel that these neoplasms are 
easily transplantable because in general only the posi- 
tive results have been reported. Yet, we have found 
only 5 of 14 that were so, and Troisier (27) trans- 
mitted only 5 of 23. Possibly, the practical issues in- 
volved in the case of lymphomatosis is the reason why 
special attention has been paid to the cases where 
transmission failed. Also, of the 46 spontaneous cases 
of erythroleukosis compiled by Engelbreth-Holm (10, 
page 59) only 13 proved to be transmissible. Whether 
the age of the donor host played any part in these re- 
sults is not known. 

Results obtained in our studies on the infection of 
ducks by the virus of the Rous sarcoma and on the ac- 
companying variations of the virus throw considerable 
light on the present problem (6). It was shown that 
in ducks transmission was easy with the sarcoma vari- 
ants; difficult with the intermediate sarcoma-lympho- 
blastoma (duck tumor E); and impossible with the 


rr, 


lymphoblastomas. In other words there was a different 
capacity in the lesions to permit transmission depend- 
ing on some inherent quality of the cells, and this 
quality was determined by the direction in which the 
original chicken virus had varied. 

In the case of embryonal nephromas the main point 
to consider is whether the sarcomatous growths from 
which, in one case, a causative virus was demonstrated, 
were metastases of the fibroblastic part of the em- 
bryonal nephroma or concomitant tumors. Since it 
would be absurd to maintain that the causes of the 
fibroblastic and epithelial parts of the tumor are differ- 
ent, the issue is important because it would mean that 
a potential sarcoma virus also can induce epithelial 
malignancy under certain circumstances. 

Tumors B1 and F were solitary. Tumor N had 
caused an extension to the intestine. Tumors A and 
U 1 had induced liver metastases of the epithelial and 
fibroblastic parts of the tumor respectively, and lesions 
in the liver, suspected to be metastatic, were observed 
in tumor Y. In tumor D fibroblastic metastases were 
observed in the liver along with several sarcomatous 
nodules. Finally, in tumor E there were widespread 
sarcomatous nodules only. These proved to be indef- 
nitely transplantable and a causative virus was dem- 
onstrated even in the original tumors. 

Moreover, tumor U 1, successfully grafted into one 
chick, grew much as a sarcoma, the epithelial elements 
being rare. Tumor Y was also grafted and it probably 
grew like a fibroma, thus posing the problem of 
whether the fibroma concomitant with tumor N | was 
or was not a metastasis of the embryonal nephroma. 

In the case reported by Mathews (21) there was a 
typical primary tumor in which predominated ele- 
ments “which presented the picture of a rapidly grow- 
ing sarcoma,” and metastases in the muscles, lung, and 
opposite kidney “with the same picture of a rapidly 
growing spindle cell sarcoma’ and complete absence 
of epithelial elements. 

The gradation established by these observations cer- 
tainly suggests that the sarcomas of tumor E were 
metastases of the embryonal nephroma. If this is the 
case, one is forced to postulate that a change toward 
malignancy has occurred in the metastasizing process, 
for we have seen that embryonal nephromas as such 
are very difficult to transplant, and functionally these 
neoplasms in chickens appear to be of only relative 
malignancy. Whether the age of the tumor-bearing 
animal has an influence on the transplantability of 
these tumors is not possible to tell. 

Tumor P | was associated with lymphomatosis of 
liver and spleen. Olson and Bullis, also, found 6 of 
their 21 cases associated with lymphomatosis or leuko- 
sis (26). Greene (16) studied 4 embryonal nephromas 
from rabbits and transplanted one, first, through the 
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Some Effects of Aromatic Hydrocarbons on Sulfur 
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Compounds of different chemical types have been 
shown to inhibit the induction of tumors by carcino- 
genic hydrocarbons (5-8). Their common feature was 
the property of reacting with sulfhydryl groups by 
addition, condensation, or oxidative coupling. The 
inference was drawn that a primary stage of carcino- 
genic action involved a fixation of the hydrocarbons, 
or their derivatives, to sulfhydryl-containing cell con- 
stituents of unknown nature. 

These phenomena were made less easy to interpret 
on account of the uncertainty of the part played by 
sulfur in the elimination of the carcinogens. Only 
indirect evidence of an inconclusive nature was avail- 
able on this question from the feeding experiments of 
White (13, 14). Positive chemical evidence that dis- 
turbances of sulfur metabolism were a consequence 
of the administration of carcinogens was lacking. 

The experimental work recorded here is part of an 
approach to the solution of this problem. Studies on 
the distribution of sulfur in mouse urine and skin after 
the external application of fairly large doses of 1,2,5,6- 
dibenzanthracene and 3,4-benzpyrene have been made. 
For purposes of comparison noncarcinogenic hydro- 
carbons of lower molecular weight, known to be mer- 
capturate-formers, have been investigated on similar 
lines. As a consequence of the data accruing from 
these determinations naphthalene, anthracene, and 
phenanthrene were tested for their influence on the 
carcinogenic action of 1,2,5,6-dibenzanthracene and 
3,4-benzpyrene. 


I. Errecr or AroMatic Hyprocarsons, APPLIED TO 
THE SKIN, ON THE PARTITION OF SULFUR IN 
Mouse URINE 


MRC/H hybrid mice were used in most experi- 
ments, though similar results were obtained by the 
occasional use of the pure strains R3 and C57. Food 
consisted solely of a balanced mixture of dietary essen- 
tials pressed into small bricks and obtained commer- 
cially, 

To guard against accidental contamination of the 
urine with food powder or chance dilution with drink- 
ing water the mice were denied access to food and 


water during the overnight collection of urine. This 
precaution led to much greater consistency in the abso- 
lute values of inorganic, ethereal, and neutral sulfur, 
though their relative percentages of the total sulfur 
were not greatly affected. 

Fifteen to 20 mice provided ample urine for chemi- 
cal determinations. It was more concentrated with 
respect to sulfur than normal human urine and was 
suitably diluted before sulfur partition was estimated 
by Fiske’s benzidine titration method. Five to tenfold 
dilution, depending on the color-depth and the appar- 
ent density of the urine, was found adequate to give 
reproducible results. 

The same sequence was observed in all experiments. 
Normal values of urinary sulfur were obtained by daily 
estimations for 3 days. Then the same group of mice 
were epilated and treated with the appropriate hydro- 
carbon solution during the hour preceding their trans- 
fer to the cages for urine collection. Hydrocarbon 
treatment was repeated for 2 more days, and the mice 
were then left untouched for 3 further days. Thus 6 
daily measurements of urinary sulfur partition were 
made on consecutive days. When significant deviations 
from normal values were observed after the first dose 
of hydrocarbon, these persisted during the 3 days of 
treatment, but normal sulfur partition was quickly 
attained again in the 2 days following. 

Application of hydrocarbons.—Solubility considera- 
tions caused variations in the number of applications 
required to ensure a rough equality of dosage between 
the different hydrocarbons. The following measured 
solubilities decided the choice of either ether or acetone 
as an innocuous solvent. 


Solubility at 15° 


Solvent gm./100 ml. 
Anthracene Ether 0.450 

Acetone 0.714 
1,2,5,6-Dibenzanthracene Ether 0.120 

Acetone 0.425 
3,4-Benzpyrene Ether 0.771 


Details of the mode of application of the various hydro- 
carbon solutions used (1 brushful = ca. 0.2 ml.) are 
included in Table I. Limitation of available substances 
prevented the study of a more comprehensive range. 
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Sulfur partition in mouse urine.—The absolute val- 
ues of the sulfur content and its partition in mouse 
urine vary considerably, even in successive collections 
from the same batch of mice. Uncontrolled water in- 
take is probably the chief factor responsible for this. 
Yet when inorganic, ethereal, and neutral sulfur are 
expressed as percentages of the total sulfur, the range 
of values is much Over 50 estimations 
of normal urine showed an average distribution of 
approximately 70 per cent inorganic, 10 per cent 
ethereal, and 20 per cent neutral sulfur. A summary 
of these data is given in Table II. 

Typical experiments with 6 hydrocarbons are illus- 
trated in Fig. 1. For the sake of clearness the results 
are grouped in two graphs, each referring to 3 hydro- 
carbons. Each curve represents the data from a single 


narrowed. 


tion of anthracene, though the changes found are jp 
keeping with the work of Boyland and Levi (2-4) on 
rats. 

Phenanthrene appears to be excreted preponderantly 
in ethereal combination, yet considerable mercapturate 
formation is also indicated. 

In contrast with these straightforward demonstra- 
tions of metabolic change, no certain indications of 
disturbed metabolism were revealed in the urine of 
mice treated with approximately the same doses of the 
carcinogens 1,2,5,6-dibenzanthracene and 3,4-benzpy- 
rene. The slight rise in the level of ethereal sulfur 
shown in Fig. 1 when dibenzanthracene was used, may 
have been fortuitous, since 2 further experiments 
yielded equivocal results. The recorded variations in 
the level of neutral sulfur after administration of either 


TABLE I 
Amount 
No. brushfuls hydrocarbon 
: per mouse per mouse, 
Solution during 3 days mgm. 
Benzene Pure 3 ca. 50 
Naphthalene 2.7% in ether 3 - 
Phenanthrene sa aed lec 3 * 16 
Anthracene 0.71% in acetone 10 “ 14 


1,2,5,6-Dibenzanthracene 
3,4-Benzpyrene 


TABLE II: 


mgm./100 ml. 


Total S 316.8-451.2 
Inorganic S 216.0-324.8 
Ethereal S 40.0- 49.8 
Neutral S 60.8- 76.8 


experiment in which 6 consecutive daily estimations of 
sulfur in the urine of the same group of mice were 
made. The separate controls for each experiment are 
not shown, but the curves are all referred to the aver- 
age control values (see Table II). 

Observations on these results—Many of the findings 
conform to those of previous workers who have studied 
the detoxication of hydrocarbons in rabbits and rats. 
With the doses of benzene used, increased ethereal 
sulfur excretion was clear, but no mercapturate forma- 
tion could be demonstrated. Zbarsky and Young (18) 
have shown that benzene mercapturate occurs in rat 
urine after administration of benzene, though only as 
a minor metabolic product. 

With naphthalene the large increase of neutral sulfur 
and the more moderate rise of ethereal sulfur corre- 
spond to the findings of Bourne and Young (1) in rab- 
bits and of Stekol (11) in rats. 

Relatively smaller increases in the urine content of 
ethereal and neutral sulfur occur after the administra- 


0.42% in acetone 14 “ 
0.77% in ether 


10 “15 


VARIATIONS IN CONTENT AND PARTITION OF SULFUR IN NorMAL MouskE URINE 


Av. % 

% total S total S 
65.0-72.0 ca. 70 
9.1-12.5 * 10 

17.1-22.3 - 


of these carcinogens are well within the range found 
for normal urines. 

Three possible deductions may be drawn from the 
data presented: (a) The carcinogens do not utilize 
sulfur by mercapturate formation during their elim 
nation. (b) They use sulfur at too slow a rate to per- 
mit certain detection by analyses of urine. (c) De- 
toxication mechanisms involving sulfur lead to their 
excretion by a route different from that used by the 
hydrocarbons of lower molecular weight. 

All these possibilities emphasize differences in the 
behavior of the carcinogenic and noncarcinogenic hy- 
drocarbons used. But the results do not provide final 
proof that sulfur does not play a role in the detoxica- 
tion of carcinogens. The conception of White (13, 14) 
that growth inhibition in young rats receiving dietary 
supplements of carcinogens is caused by carcinogen- 
mercapturate formation with consequent depletion of 
the available sulfur-amino acids essential for growth, 1s 
not disproved, but is not supported. 
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I]. Errec: oF ARoMATIC HybDROcARBONS ON THE GLUTA- 
tui oNE (GSH) Convent or Mouse SKIN 


It has »cen shown previously (7) that bromoben- 
zene appiicd to the backs of mice causes a notable fall 
‘n the normal level of skin GSH, indicating mercap- 
turate for mation in the skin itself. Fixation of sulfhy- 
dryl groups in the skin by unsaturated dicarboxylic 
acids is also revealed by a similar reduction of its GSH 
content (8). The effects of the aromatic hydrocarbons 


mentioned in section I were studied from this point 
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those shown in Table I were applied to the skin as 


described earlier; 7.¢., spread over 3 days. Only uncer- 
tain indications of altered sulfur metabolism could be 
detected by this procedure. Yet when the same amount 
hours, and GSH 


determinations were made during the following hour, 
changes, could 


of hydrocarbons was used over | to 2 


when these occurred, readily be 
detected. 
The twice-minced skins from the whole backs of 


5 to 8 mice were weighed (3 to 5 gm.) and ground 
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Fic. 1.—Changes in the partition of sulfur in mouse urine produced by the application of aromatic hydrocarbons to the skin. 


Curves in upper sections = Inorganic sulfur 
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of view to see if mercapturate formation in the skin 
was a general process. It was also hoped to obtain in- 
formation on possible local disturbances of sulfur 
metabolism following treatment with carcinogens. 


EXPERIMENTAL 


The control mice used for these estimations were 
necessarily distinct from the treated ones. By careful 
selection on the basis of age, color, and strain it was 
found possible to narrow the normal variations of 
GSH between 2 batches to no more than 5 per cent. 

Doses of hydrocarbons comparable in amount to 


7 


= Neutral 
— Ethereal a. 


with pure silver sand; 25 ml. of 10 per cent sulfosali- 
cylic acid solution was added and the whole reground. 
After standing, with occasional regrinding, for 12 min- 
utes, the mass was filtered at the pump; the residue was 
re-treated with 15 ml. of acid for 6 minutes and again 
filtered. The combined filtrates were normally clear, 
but sometimes were rid of a slight turbidity by a final 
filtration at atmospheric pressure. Aliquots were used 
for the estimation of total reducing substances (GSH 
and ascorbic acid) with N/1,000 iodine, and ascorbic 


acid with 0.01 per cent phenol-indo-2,6-dichlorophenol. 


In iodine equivalents 1 mgm. ascorbic acid equals 3.485 
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mgm. GSH; the GSH concentration was obtained by 
difference. 


RESULTS 
I ffect on GSH level 
Benzene Little detectable change 
Naphthalene Well marked fall in GSH level dur- 
ing first hour after applications 
ended; normal value re-attained 
after 4 hours. 
Anthracene Slighter falls found during same 
period 
Phenanthrene As with naphthalene 


1,2,5,6-Dibenzanthracene 
3,4-Benzpyrene 


No change detected 
No change detected 


A selection of results obtained with naphthalene and 
phenanthrene are included in Table III to indicate the 
quantitative features of the measurements. 

There is an exact parailelism between these re- 
sults and those obtained for urinary sulfur partition. 
They indicate that the known mercapturate formers 
—naphthalene, anthracene, and phenanthrene—can be 
detoxicated in the skin. Again, the different behavior 
of the 2 carcinogens is noteworthy. No indication is 
given that sulfur is concerned in their passage through 
the skin, and once more it is necessary to invoke other 
possibilities to sustain the view of White (13), that 
their growth-inhibiting action is related to their re- 
moval of sulfur amino acids. 


Ill. THe INFLUENCE oF MERCAPTURATE-FORMING Hy- 
DROCARBONS ON THE RATE OF INDUCTION OF TUMORS 
BY CARCINOGENIC HyprocARBONS 


Since the aromatic hydrocarbons of lower molecular 
weight are excreted as mercapturates, and proof has 
been given that this detoxication process can take place 
in the skin, these substances should behave like other 
inhibitors of normal sulfur metabolism (5-8) in delay- 
ing or preventing the induction of tumors by carcino- 
genic hydrocarbons. The experiments described below 
demonstrate the truth of this prediction. 

Both benzpyrene and dibenzanthracene were used 
for test purposes, but since the results with either com- 
pound were the same in character only those obtained 
with benzpyrene are illustrated. The carcinogen was 
applied in the usual way on Mondays and Thursdays, 
and the noncarcinogen (in ethereal solution containing 
2 per cent liquid parafin) on Tuesdays, Wednesdays, 
Fridays, and Saturdays. Fig. 2 shows the degree of 
inhibition of papilloma development in two groups of 
experiments. 

Phenanthrene proved the most potent inhibitor and 
anthracene the least. The low solubility of anthra- 
cene in ether made two applications of a saturated solu- 


tion necessary to give approximately “1 per cent,” and 
for the same reason it was not used at the “4 per cent’ 
level. This property probably also determines its rate 
of absorption by the skin and hence its relatively small 
checking action on benzpyrene. 
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Fic. 2.—Retarding effect of naphthalene, anthracene, and 
phenanthrene on the rate of tumor induction by 0.1 per cent 
3,4-benzpyrene. 


(a) 1 per cent naphthalene, anthracene, and phenanthrene. 
(b) 4 per cent naphthalene and phenanthrene. 


DISCUSSION 


The metabolism of sulfur has been associated with 
three aspects of cancer research: (a) The bearing of 
sulfur deprivation on the percentage incidence of spon- 
taneous mammary tumors in susceptible strains of 
mice (15). (b) The growth-retarding influence of car- 
cinogenic hydrocarbons and azo dyes fed to young rats 
(13, 14). This was linked with the work of Haddow 
and Robinson (10) on the inhibition of normal and 
tumor growth induced by many carcinogenic and some 
noncarcinogenic substances. (c) The checking effect 
on skin tumor induction produced by substances that 
specifically lower the local level of sulfur metabolism 
by a variety of mechanisms (5-8). 

In the experiments on spontaneous tumor incidence 
(15) the dietary sulfur was inadequate for even limited 
growth, and among the profound physiological changes 
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TaBLeE III: CHANGES IN THE GLUTATHIONE CONTENT OF MousE SKIN PRODUCED BY EXTERNAL 
APPLICATIONS OF NAPHTHALENE AND PHENANTHRENE 
—— Glutathione 
Strai bef he . . 
-_ cn Ascorbic acid Dinettes Glutathione o% Fall of 
mice Treatment hrs. mgm. per 100 gm. glutathione 
PHENANTHRENE 
Mixed — — 140.2 13. 92.0 
4% 0.5 111.5 12 67.9 26 
‘< aie a 143.0 17.3 82.5 
6% 0.5 103.0 14.0 54.7 33 
Tr _ — 134.2 12.3 91.2 
4% 1.0 112.2 11.4 72.2 21 
“ _— — 138.2 14.0 89.4 
6% 1.0 105.7 12.3 62.8 30 
‘<6 pen _— 140.2 14.3 90.3 
" 4.0 135.6 13.9 87.1 4 
$6 _ — 133.4 12.4 90.1 
‘a 4.0 128.2 12.8 83.5 7 
R 3 —_— — 97.5 9.7 63.7 
4% 1.0 88.3 9.6 54.8 14 
se _— — 102.7 9.7 68.8 
6% 1.0 82.3 9.6 48.8 29 
‘6 coms — 95.3 10.1 60.1 
* 4.0 91.8 10.3 55.8 7 
Simpson coe —— 110.1] 9.8 75.9 
4% 1.0 98.3 9.7 64.4 15 
«6 ‘itil —_ 102.3 10.1 67.0 
6% 1.0 81.4 10.3 45.4 32 
NAPHTHALENE 
Mixed — — 136.2 14.5 85.6 
4% 0.5 110.7 12. 68.5 20 
z _— — 140.0 13.9 91.5 
6% 0.5 101.7 12.9 56.7 38 
‘< sii —_ 132.6 14.2 83.0 
4% 1.0 104.4 12.8 59.8 28 
‘ _— ones 139.8 12.9 94.8 
6% 1.0 102.8 11.8 61.6 35 
- —— ie 144.2 14.8 925 
4% 4.0 136.5 14.2 87.0 6 
_— _ 135.0 15.1 82.3 
6% 4.0 125.1 14.6 74.1 10 
R 3 — —_ 95.8 9.9 61.2 
4% 1.0 80.9 9.7 47.1 23 
‘ _— _ 104.6 10.2 69.0 
6% 1.0 78.0 8.9 46.9 32 
‘ on —_ 100.1 9.7 66.3 
6% 4.0 96.2 95 63.0 5 
Simpson — —~ 108.5 10.6 715 
4% 1.0 92.5 10.3 56.5 21 
“ _— _ 103.6 9.9 69.0 
69% 1.0 84.6 9.6 51.1 26 
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that ensued endocrine disturbances led to loss of 
ovarian function (17). This was the direct cause of 
the failure of spontaneous tumors to arise. Certainly 
lack of sulfur indirectly caused this sequence of biologi- 
cal abnormalities, but no specific intimacy between 
sulfur metabolism and tumor incidence is revealed. 
The similar reduction of the incidence of both spon- 
taneous and induced tumors in mice subjected to other 
types of dietary deficiency (12, 16) lends support to 
this view. 

The mechanisms underlying the inhibition of growth 
by carcinogens are little understood. White (13, 14) 
suggested that growth failure was correlated with the 
loss of sulfur-amino acids used up in detoxication 
processes, since growth was resumed when supple- 
ments of cystine and methionine were given. Similar 
effects on growth were produced when other sub- 
stances, known to be excreted as mercapturates, were 
substituted for the carcinogens, and by analogy the 
latter were therefore assumed to use sulfur for their 
excretion. No chemical proof of this has been offered 
and the present work, together with that of Elson, 
Goulden, and Warren (9), tends to negate this sup- 
position. Carcinogens, administered by injection in 
rats or by skin painting in mice, have failed to give any 
indication of sulfur utilization either at the site of 
application or in the end products of their metabolism. 
By contrast the mercapturate-forming hydrocarbons 
naphthalene, anthracene, and phenanthrene caused sig- 
nificant changes in urinary sulfur partition and skin- 
glutathione content when applied to mice in the same 
way and in similar doses. To sustain the view of 
White (13, 14) it would be necessary to assume that 
any affect of these carcinogens on sulfur metabolism 
proceeds at too slow a rate for detection by the methods 
used, or that sulfur fixation is manifested in other un- 
known ways. . 

All the work on the retardation of tumor induction 
by inhibitors of sulfur metabolism indicates a direct 
association between sulfur-containing cell constituents 
and carcinogens during the primary phases of carcino- 
genesis. This is fortified by the demonstration, re- 
corded here, that mercapturate-forming hydrocarbons 
oppose the biological action of the carcinogenic hydro- 
carbons. Direct evidence for this hypothetical process 
is not yet available. The metabolic transformations of 
carcinogenic hydrocarbons so far recorded are all of an 
oxidative character, and seem to be concerned with 
processes of elimination, though intermediate phases 
of these detoxication reactions may well be the true 
initiators of carcinogenic action. Sulfur conceivably 
plays a role in the fixation of any such potent deriva- 
tives within the cells as a preliminary to the biological 
changes that culminate in malignant transformation. 


SUMMARY 


A. Estimations of the partition of sulfur in the urine 
of mice receiving skin applications of benzene, naph- 
thalene, anthracene, phenanthrene, 3,4-benzpyrene, or 
1,2,5,6-dibenzanthracene have been made. The nop. 
carcinogenic hydrocarbons produced such variations of 
sulfur distribution as were anticipated on the basis of 
previous work. By contrast the two carcinogens, ad- 
ministered in like amounts, caused no significant 
changes. In particular the value for neutral sulfur was 
not altered, indicating that mercapturate formation 
plays no part in their detoxication. 

2. The influence of the same aromatic hydrocarbons 
on the glutathione content of mouse skin has been 
investigated. The falls from normal levels following 
treatment with naphthalene, anthracene, and_phenan- 
threne show that detoxication involving sulfur occurs 
in the skin itself. Equal amounts of the two carcino- 
genic hydrocarbons produced no detectable changes of 
a similar nature. 

3. Naphthalene, anthracene, or phenanthrene, when 
applied to the skin in conjunction with either carcino- 
gen reduced the rate of tumor induction. 
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Stimulation and Retardation of Neoplastic Growth 
by Sulfhydry! Compounds* 


Alexander Brunschwig, M.D., John Arnold, M.D., and John Edgcomb, M.D. 
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Among the possibilities envisaged by chemotherapy 
of malignant neoplasms are: (a) specific necrosis of the 
malignant cells; (b) retardation of mitoses by direct 
action; (c) maturation of the neoplastic cells, which in 
turn might lead to arrest of rapid growth. 

Recent experiences with alloxan (1, 2) were dis- 
couraging insofar as concerns the use of results of lab- 
oratory experiments on lower animals as indications 
tor the eflicacy of certain compounds as chemothera- 
peutic substances for cancer in man. Alloxan was 
shown to cause specific necrosis of the beta cells of the 
islets of Langerhans of the pancreas and of the epi- 
thelium of the convoluted tubules of the kidney in rab- 
bits, rats, and dogs. It was possible to adjust the dosage 
so that dogs were rendered diabetic. Yet, when alloxan 
in doses of 1 gm. per kilo (5 times the lethal dosage 
for dogs, which was 200 mgm. per kilo) was injected 
into a patient with insulin-producing islet-cell car- 
cinoma of the pancreas, only remissions of attacks of 
hyperinsulism lasting for 10 to 20 days were observed. 
After the death of this patient necropsy revealed no his- 
tologic evidence of injury to the cells of the carcinoma 
or to the normal islets of the pancreas. 

The importance of the sulfhydryl radical (—SH) in 
intra-cellular enzyme systems, especially those associ- 
ated with growth and reaction to injury has long been 
recognized (6). Experiments reported below were car- 
ried out to determine if the addition of —SH might 
stimulate growth of a transplantable rat tumor, and 
conversely, if retardation of growth is observed when 
—SH already present is inactivated by certain agents 
such as iodoacetic and maleic acids since 3, 4 


w ~? H 40° 
> + HS R — AIt R i 


Todeacetic —_ 
Gcid. 
: } He-c-s-R 
Cs CX ive 
Cs ;° Ho ¢] 
HO po 4 


Maleie acid. 


White rats of inbred strain received subcutaneous 
injections of fragments of tumor 256 approximately 





* This study was conducted under the Charles H. and Mary 
F. S. Worcester Memorial Fund, University of Chicago. 


2x 1x 1 mm. in size and therealter daily intra. 
peritoneal injections of the substances to be tested, 
The rats, kept 4 to 6 in a cage, In most Instances 
weighed approximately 150 gms. each. At the end of 
12 to 17 days the animals were killed, the tumors ex. 
cised and weighed. As caloric intake affects the growth 
of neoplasms the animals were weighed at intervals 
and this factor was controlled in the interpretation of 
results. Where stimulation or retardation of growth 
was observed, weight loss or gain of the animals was 
not a factor. 

Since the rate of growth of transplantable neoplasms 
varies widely among individual rats and appears to be 
influenced by temperature, dict, season, etc., these fac- 
tors were controlled. For each group of experimental 
animals, a parallel control series was maintained in an 
adjacent cage. 

Vhree preliminary control experiments were car- 
ried out using a total of 31 rats. Each experiment con- 
sisted of maintaining 3 to 6 rats with tumor transplants 
in adjacent cages for 2 weeks and at the end of this 
period the tumors were excised and weighed. The 
three groups with the heavier average tumor weights 
were compared with the three groups of lighter tumor 
weight. The difference was 16.5 per cent, hence it 
was assumed that variation in weight in the expert 
ments reported below should exceed 20 per cent to be 
interpreted as significant. Experiments C to G inclu 
sive summarized in Table I and including an add 
tional 104 rats are also control experiments. 

To test the possible stimulation of tumor growth by 
—SH, the following compounds were injected intra 
peritoneally; sodium thioglycollate, disodium thioma- 
late, sodium thiolactate, cystein and methionine. Cystin 
was also injected. The results are summarized 10 
Table I. 

The relationship D/H expressed in percentage de- 
notes the ratio of the difference between the average 
tumor weights in the test and control groups to the 
heavier of the average weights. 


DISCUSSION 


The results as summarized in Table I show stimula- 
tion of tumor growth by injection of the —SH com: 
pounds sodium thioglycollate and disodium malate 
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ther reduce available —SH. Since cystin includes —S—S 
and not —SH it was not anticipated that it would 
afford stimulation of tumor growth. 

Both iodoacetate and maleate afforded appreciable 


since the neoplasms in the animals receiving these 
agents averaged 30 to 36 per cent heavier than the 
controls. The failure of thiolactate to stimulate growth 
might be explained by an inhibitory effect of lactate 


(5). Th 


failure of methionine to afford stimulation inhibition of tumor growth as evident from Table II, 


la- 


ate 





Taste Tt: Evercr or INTRAPERITONEAL INJECTIONS Of —SHL CompouNnps ON ‘Tumor GrowTH 
Daily quantity Duration Av. wt. 
No. of Sas -SH per of exper. tumors, 1)/H 
Experiment rats Compound injected 150 gm. rat, gm. days gin. % 
A 16 Sod. thioglycollate. .......... 003 16 6.70 
20 NO 000. 10 Frets... 2. ce ence 4.60 30 
Sod. glycollate* in 11 rats... . 
B 12 Disod. thiomalate........... 003 13 7.55 
11 re 4.80 36 
Disod. malate* in 8 rats...... 
( 17 Sodium thiolactate........... 003 12 4.36 
16 No injections. .............. 3.67 13.5 
1) 9 Methionine. ................ 0006 15 3.70 
12 No injections. .............. 4.0 5.3 
le 9) Methionine. ................ 003 15 5.06 
10 No injections. .............. 6.30 19 
I: 11 i cate eed waeh kh .003 14 6.49 
11 No injections............... 5.66 12.7 
(; 8 PGS pbtnectedenbeeaannes 003 15 1.99 
6 Disod. glutamate............ 06 1.82 9 
(of amino acid) 
*In quantities equimolar to those injected in test group. 
Taste Il: Rerarpatrion or Tumor Growrn by lopACETATE AND MALEATE 
. Daily quantity 
Injected per Duration Av. wt. 
Experiment No. 150 gm. rat, of exper. tumors, D/H 
rats Compound injected gm. days gin. % 
H 16 Sod. 1odoacetate............ 001 13 4.06 
17 No inj. in 4 rats............. 5.99 32 
Sod. acetate* in 13 rats....... 
| 12 Disod. maleate.............. 045 15 7.20 
10 PUG) MDOOEIOIND. 6 occ cee ewes 12.80 44 
*In quantities equimolar to quantity of iodoacetate. 
TasLe Ill: Ne&urracizinc Errecrs or TumMor STIMULATORS AND INHIBITORS * 
Daily quantities 
injected per 150 Duration Av. wt. 
a No. gm. rat, of experiment, tumor, D/H 
Experiment rats Compound injected gm. days gm. % 
J 6 Sod. thiolactate+ .... .006 (sulphur) 12 1.50 
Sod. iodoacetate...... .001 
6 No injections........ 2.20 36 
K 4 Sod. thioglycollate+.. .001 (sulphur) 17 15.80 
Sod. iodoacetate...... .001 
5 No injections......... 20.00 20 


*Quantities of iodoacetate injected were less than equimolar to quantities of thiolactate and thioglycollate because of the toxicity of iodoace- 
tate which resulted in weight loss (caloric restriction). 


may be explained by the fact that much of this amino 
acid was preferentially metabolized to cystin (with 
its -S-S) and therefore afforded little available —SH. 
The failure of cystein to stimulate growth can be 
accounted for by its relative insolubility in saline solu- 
tion, which necessitated its injection as a suspension 
thus resulting in slow absorption, and also quite prob- 
ably by partial conversion to cystin which would fur- 
3 


which shows that the neoplasms in the animals receiv- 
ing these agents weighed on the average 32 to 44 per 
cent less than the controls. The inhibition of growth 
was not very pronounced, however, since the inocu- 
lated transplants were not prevented from becoming 
established as the injections began with the day of 
transplantation. 


The results shown in Table III are corollaries to the 
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results described above. In Experiment J thiolactate 
and iodoacetate were injected subcutaneously and intra- 
peritoneally respectively. Since thiolactate afforded no 
stimulation, the full effects of iodoacetate should have 
obtained and this proved to be the case as the tumors 
averaged 35 per cent less in weight than the controls. 
In Experiment K thioglycollate and iodoacetate were in 
jected subcutaneously and intraperitoneally respectively. 
Since the former afforded stimulation and the latter 
inhibition to about the same degree, it would be ex- 
pected that no essential difference would be noted 
between injected and control groups of rats. This 
proved to be the case since the difference of 20 per 
cent, as stated above, is not interpreted as significant. 


SUMMARY 


1. The injection of certain —SH compounds (thio- 
glycollate and thiomalate), which afford available -SH 
radicals, showed mild stimulation of growth of the 
transplantable rat tumor 256. The explanations of 
failure of other -SH compounds (methionine, cysteine, 
thiolactate) to cause such stimulation are discussed. 


i 


2. The injection of —SH inhibitors, iodoacctate and 


maleate, was followed by retardation of growth of rat 
tumor 256 but did not inhibit the establishment of the 
transplants. 


We 


6. 
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Eifect of Fresh Milk on the Production of Hepatic 
Tumors in Rats by Dimethylaminoazobenzene 
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The prevalence of primary cancer of the liver in 
Africa and in certain parts of Asia is a problem that 
should attract increasing attention. In a series of pa- 
pers Berman (1, 2, 3) describes its frequency and 
pathology amongst the Bantu in South Africa, and in 
discussing the possible etiological factors (4) draws 
attention to its coincidence with cirrhosis. He enu- 
merates a number of other conditions (helminthiasis, 
malaria, schistosomiasis, hemochromatosis, alcohol) 
that may perhaps be responsible for those changes in 
the liver to which some races seem more susceptible 
than others. None of these factors, however, 1s pres- 
ent in all the communities where primary liver 
cancer is prevalent. 

The question of racial susceptibility was investigated 
by Kennaway (16), who analyzed the data concern- 
ing the incidence of primary liver cancer amongst 
Negroes in America and Africa; for since the former 
are descendants of the West African Negroes they 
might have the same racial susceptibilities. But the 
scanty data available did not indicate that the inci- 
dence of primary liver cancer amongst American 
Negroes differs from that among the white people 
in America, and if this is so the very high incidence 
in African Negroes cannot be of purely racial charac- 
ter. In Africa some extrinsic factor may be involved. 

This extrinsic factor could be related to one of the 
agents described by Berman as provoking cirrhosis of 
the liver, but none of these was found to be consis- 
tently connected with the occurrence of liver tumors. 
A second possibility is that materials are present in 
the food of peoples liable to liver cancer that may 


evoke the development of these tumors; or substances 


are absent that may prevent the formation of such 
neoplasms. 

Investigations concerning the first possibility are in 
progress. With regard to the second, experiments with 
hepatic tumors induced by p-dimethylaminoazoben- 
zene seemed suitable, as it has been shown that these 
growths are affected by modifications in the diet. 
Yeast and liver (19-21), both of which are rich in 
vitamins of the B complex, and chemically pure sub- 
stances, riboflavin and casein (13, 17), separately or 
In combination, were found effective in preventing 
tumor formation. It seems that the quantitative rela- 
tions of these substances to other vitamins, e.g., bio- 


tin, which is “procarcinogenic,” (7, 27), play a deter- 
mining role (8). It has, however, been questioned 
whether the prevention of neoplasms by yeast is con- 
nected with its vitamin content, and it was suggested 
that p-dimethylaminoazobenzene becomes adsorbed on 
yeast residues and so escapes resorption from the ali- 
mentary canal (14). Hydrogenated cocoanut oil also 
was found effective in preventing the formation of 
liver tumors by p-dimethylaminoazobenzene (18). 

With regard to dietary factors that may influence 
the development of hepatic neoplasms in human sub- 
jects, it was of interest to investigate widely used food- 
stuffs, and the present experiments are concerned with 
the effect of fresh milk on the production of tumors 
in the liver of rats. 


EXPERIMENTAL 


All rats used were albinos of approximately 100 
gm. body weight at the beginning of the experiments. 
The basis of the diet in this series of experiments was 
polished rice; the supplements and the caloric values 
of the main components are given in Table I. 


Diet 


p-Dimethylaminoazobenzene was added as a 3 per 
cent solution in arachis oil; 2 ml. of the solution to 
100 gm. of rice gives a concentration of 0.06 per cent 
of p-dimethylaminoazobenzene. Azobenzene was fed 
in the same way. In controls 2 ml. of arachis oil was 
added to 100 gm. of rice, or no oil was added. Fat- 
free and vitamin-free casein in amounts of 6 gm. 
added to 100 gm. of rice was used. The amount of 
casein was so chosen as to give about the same amount 
of protein as is contained in the diet supplemented 
with milk. The food mixture was freshly prepared 
every day and given in measured quantities such that 
all had usually been consumed by the next day. The 
animals were permitted free access to it, and any food 
remnants were weighed and subtracted from the total 
food given. Animals on the milk diet received amounts 
equivalent to 10 ml. of fresh milk each daily, but the 
amount drunk by each individual was not known. 
Cabbage was given once weekly to all rats and to those 
not receiving milk carrots were fed in amounts of | to 


2 gm. a day 
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TABLE |: 


SUPPLEMENTS Appep Dairy ro Potisttep Ric 


BasaL Dier 


Caloric value of the diet* 


Total Percentage caloric value 
Calories in diet of 
hxperiment sex of No. of in 100 gm, ' ae 
started Addition animals animals food Carbohydrate Protein Fat 
July 12, 1944 Carrots + 2°) arachis oil a 10 
7 “ “ ? 10 412 86.9 6.8 6.3 
es m - + 0.000% p-DA oo 10 
ss 4s se se +e ©) 20 
Nov. 23, 1944 6°) Casein + 2°) arachis oil + carrots ro) 10 
6° Casein + 2°) arachis oil + carrots + 4360 82 12 ( 
0.000) p-DA . ? 30 
Dec. 1,1943 10 ml. Milk + 2%) arachis oil o" 30 
ae ++ ss +s ©) I0 
a “40.0005 PDA ot 30 477 78.6 8.7 127 
” = % we ? 20 
July 3,195 “ “© & “ “ “ 3 10 
i) se se a) a ss Q 20 
Jan. 20, 1944 10 ml. Milk only or 20 400 81.6 8.9 95 
? 10 
Oct. 20, 1944 Carrots ? 10 395 90.5 7.1 2.7 
Oct. 20, 1944 Carrots + 2% arachis oil + 0.000% azobenzene ~ 10 412 $6.9 6.8 6.3 


* Calculated from values given by McCance and Widdowson: ‘‘The Chemical Composition ot Food" (1940). 


PDA = p-Dimethylaminoazobenzene. 
Foop INTAKE AND Bopy WEIGHT 
The weights of the animals were recorded weekly. 
Rats were killed at intervals of 3 to 7 days at the 
beginning of the experiment, later at longer intervals, 
and the organs weighed immediately and fixed in 
formalin. 
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RESULTS 


Figs. 1 to 5 show the food intake and body weight 
of the rats during the experiment. Males and females 
are recorded separately. The males ate about 30 per 
cent more than the females. 

(a) Where milk was given, the food intake of males 
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Fic. 1.—Growth and food intake of male rats on various diets. Upper three curves (1, 2, and 3) represent body weights of indi- 
vidual animals on day when they were killed; lower three (la, 2a, 3a) represent average food intake during 10 day periods pet 
animal per day. Numbers below straight lines (1b, 2b, 3b) represent number of rats surviving in corresponding groups of 1a, 2a, 
and 3a. 

POP — Rats receiving rice and milk. = Rats receiving rice, 2 per cent arachis oil, and milk. 
per cent arachis oil, 0.06 per cent p-dimethylaminoazobenzene, and milk. 
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not receiving p-dimethylaminoazobenzene was about 
40 per cent and that of the females about 50 per 
cent higher than that of animals on the same regimen 
but receiving p-dimethylaminoazobenzene. In spite of 
the difference in the food intake only small variations 
could be noted between the body weight of the males 
on this diet with and without p-dimethylaminoazo- 
benzene. No difference was observed between the two 
Gm. 
an | 
280P 
26o0r 
240F 
220F 
200} 
'8or 
1 60F 


140} 


| aman, 





LT 


It is remarkable that on the milk diet, which per. 
mitted full growth of the rats, the addition of p. 
dimethylaminoazobenzene affected the food intake 
but not the growth. In the case of diets by which the 
growth of the body was checked the addition of p.- 
dimethylaminoazobenzene did not further reduce the 
food intake. The body weights of these animals de- 
clined during tumor development. 
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Fic. 3.—Growth and food intake of female rats on diet of rice, carrots, and 2 per cent arachis oil with and without addi- 

tion of p-dimethylaminoazobenzene. Upper two curves (1 and 2) represent means of body weights; lower two (la, 2a) represent 

average food intake during 10 day periods per animal per day. Numbers below straight lines (1b, 2b) represent number of rats sur- 





Viving in corresponding groups. 
= Rats on basic diet. 





corresponding groups of females. The weights of the 
rats receiving milk increased about 1.5 gm. daily and 
reached about 270 gm. in the males and about 220 
gm. in the females. 

(b) The food intake of the animals on the diet of 
polished rice with or without the addition of casein 
fell to 40 per cent of that of the animals receiving 
milk. No greater reduction in the food intake took 
place with animals not receiving milk when p-di- 
methylaminoazobenzene was given. The growth of 
the rats was retarded or completely stopped, whether 
the diet contained p-dimethylaminoazobenzene or not; 
in many cases animals receiving p-dimethylaminoazo- 
benzene lost weight. 


—-—----- = Rats receiving addition of p-dimethylaminoazobenzene. 


CHANGES IN THE LIVER 


Fig. 6 shows the incidence and time of occurrence 
of hepatic tumors in rats on the different diets. The 
liver weight of all animals receiving p-dimethylamino- 
azobenzene was greater than that of the controls with- 
out p-dimethylaminoazobenzene, and enlargement of 
this organ was greater in the groups on diets not sup- 
plemented with milk (Table II). The increase of the 
liver weight was not due to an increased water con- 
tent, as the percentage dry weight of all livers was 
approximately the same. | 

Histological investigation of the livers of animals 


on all diets without p-dimethylaminoazobenzene 
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of the caudate lobe. The growths were multifocal 
cystic and noncystic cholangiomas, with incipient 
hepatomas in 2 cases. None metastasized tll the 
280th day. All the livers showed nodular cirrhosis 
and/or cholangiofibrosis, but all contained normal 
regions; usually the right median and right lateral 
lobes. The only liver that did not bear a tumor, 


showed no abnormalities, apart from occasional slight 
fatty changes. 

1. In two series of experiments the diets that con- 
tained » dimethylaminoazobenzene were supplemented 
with fresh milk. In the first series of 50 animals 
normal livers were found up to 400 days. In 2 livers 
(from rats killed on the 409th and 465th days) very 





small patches of early cystic cholangioma were found. 
Some ol these livers showed considerable fatty changes; 
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from an animal killed on the 129th day of the experi- 
ment, did not show cirrhosis. 
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Fic. 4—Growth and food intake of rats on diet of rice, 6 per cent casein, carrots, and 2 per cent arachis oil with and with- 
out addition of p-dimethylaminoazobenzene. Upper two curves (1 and 2) represent means of body weights; lower two (la, 2a) 
represent average food intake during 10 day periods per animal per day. Numbers along straight lines below each pair of curves 
represent number of rats surviving in corresponding groups; lc and 2c refer to 1 and 2; 1b and 2b, to la and 2a. 


— Rats on basic diet. 





none had cirrhosis. In the second series of 30 animals 
1 tumor was found on the 16lst day, a second on the 
262nd day, and two more on the 378th and 386th days 
respectively. All the tumors were cholangiomas. 

2. Of the livers from rats on diets of p-dimethyl- 
aminoazobenzene and rice one, obtained on the 6lst 
day, showed fatty degeneration and diffuse cirrhosis 
with an early cholangioma. Tumors were found in 
the livers of animals killed on the 73rd and 87th days 
and subsequently in all animals, with one exception, 
killed after the 90th day. All the tumors were local- 
ized in the left middle lobe or in the adjoining part 


a = Rats receiving addition of p-dimethylaminoazobenzene. 


3. In the group of rats where 6 per cent casein was 
added to the diet of rice and p-dimethylaminoazoben- 
zene the first changes were more or less severe fatty 
degeneration. An increase in the connective tissues 
was observed on the 88th day, and cirrhosis and cho- 
langioma on the 100th. The neoplasms in this group 
seemed to grow more rapidly than those in the group 
on pure rice diet, and a tumor of 7.5 gm. was found 
on the 136th day; the number of hepatomas was 
greater (6) but again, in this group, no metastases 
were found. Two animals had cholangiomas without 


cirrhosis. The distribution of fatty degeneration, 
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nodular cirrhosis, cholangiofibrosis, cholangioma, and 
hepatoma in animals killed after 70 days appear in 
Table IV. 

4. In the small control series with azobenzene neither 
hepatic tumors nor cirrhosis was observed. 


EFFECTS OF p-Dim ETHYLAMINOAZOBENZENE ON THE 
WEIGHTS OF OTHER ORGANS 


Spleen, kidney, adrenal, thymus, pituitary, and 
gonads were weighed in every animal immediately 
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The most striking change was the increased splenic 
weight in all groups receiving azo compounds; in the 
groups of females it was greatest and most constant 
in the rats injected with azobenzene. All groups given 
p-dimethylaminoazobenzene in the food had increased 
splenic weights as compared with the group of control 
animals, but animals developing tumors in the liver 
had smaller spleens than the mean of those in the 
same group without tumors (Table III), save for two 
exceptions. Apparently the size of the spleen in ani- 
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Fic. 5.—Growth and food intake of female rats on diet of rice and carrots with or without addition of azobenzene in arachis 
oil. Upper two curves (1 and 2) represent means of body weights; lower two (la, 1b) represent average food intake during 10 day 


periods per animal per day. Numbers below straight lines (1b, 
= Animals on basic diet. —-—-—-—--- = Animals receiving addition of azobenzene in arachis oil. 





after it was killed. The weights of the organs were cal- 
culated as a percentage of the body weight, as well 
as relative to the kidney weight. The latter com- 
parison was made because comparing the weights of 
the organs as percentages of the body weights might 
give too high figures if, for example, the body weights 
had declined from loss of subcutaneous fat, whereas 
the weight of the kidney does not change much 
during a loss of body weight. But since the two cal- 
culations yielded very similar relationships only one 
set of figures, those related to body weight, are given 
in the table. 


2b) represent number of rats surviving in corresponding groups. 


mals receiving azo compounds is influenced by at least 
two factors: (a) the compounds effect an increase in 
size that is not connected with their carcinogenic ac- 
tivity, since azobenzene, which does not elicit tumors 
in rats, caused the most constant increase in the splenic 
size; (b) the compounds lessen the splenic weight, a 
process that is seemingly connected with the develop- 
ment of neoplasms. In an earlier investigation mice 1n 
which sarcomas and epitheliomas were produced by 
the injection of methylcholanthrene were found to have 
significantly smaller spleens than the control mice (15). 
Changes in the weights of the other organs attributable 
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6.—Incidence and time of occurrence of hepatic tumors in rats on different diets receiving p-dimethylaminoazobenzene. 


Fic. 


rice and milk; D = rice and milk (second series). Empty 


blocks represent rats without liver tumors; solid blocks represent rats with liver tumors. 


‘ 


rice, 6 per cent casein, and carrots; C 


B 


A = rice and carrots: 


to the carcinogenic dye were not conspicuous, except 
for those of the ovaries; these are treated in a sepa- 
rate paper. In all groups the adrenals of the males 
were smaller than those of the females. 


(CHANGES IN THE STOMACH 


By opening the stomachs of animals receiving p- 
dimethylaminoazobenzene it was observed that in 
some the azo compound was red, and in others yel- 
low. As the color change of p-dimethylaminoazoben- 
zene takes place at pH 2.8 to 4.6, no appreciable 
amount of HCl could have been present when the 
dye was yellow, and with Congo red as an indicator 
it was found that in many cases animals receiving 
p-dimethylaminoazobenzene had, in fact, no free HCl 
in the stomach. On the other hand, nearly all control 
animals, as well as the animals given p-dimethylamino- 
azobenzene supplemented with milk, had a normal 
HCI secretion. The stomach content was found acid 
in all animals when litmus was used as an indicator. 

On the 218th day in one animal on a diet of rice, 
6 per cent casein, and p-dimethylaminoazobenzene, 
extensive papillomatosis of the forestomach was found, 
and subsequently this condition was encountered here 
in 6 out of 6 animals on p-dimethylaminoazobenzene. 
But it was found also in 2 out of 3 rats receiving 
azobenzene, and in 2 out of 5 control rats. 

The diameter of the papillomas ranged from 0.2 
to 5 mm.; they were not ulcerated. Microscopically, 
extensive hyperkeratosis and benign hyperplasia of the 
squamous epithelium were found. Only in one case, 
an animal on casein-rice diet with p-dimethylami- 
noazobenzene, was there any sign of downgrowth and 
penetration of the muscularis mucosae. 


DISCUSSION 


In the experiments presented here the addition of 
fresh milk to the diet lessened considerably the pro- 
duction of liver tumors by p-dimethylaminoazobenzene 
in rats fed on rice. While these experiments were in 
progress a paper by Sugiura (26) appeared, in which 
it was stated that when 20 per cent of dried milk 
was added to the diet the incidence of hepatic tumors 
in rats killed between 132 and 227 days was reduced 
by 50 per cent; with the addition of 6 per cent dried 
milk he found tumors in 90 per cent of the animals 
killed between 150 and 166 days. The rats in the 
eyperiments here presented received an amount of 
fresh milk which would, in the dried state, have made 
up about 10 to 12 per cent of the whole food taken. 
This amount, given as fresh milk, protected 80 to 95 
per cent of the rats in 2 series of experiments extending 
over 460 days; thus fresh milk seems to be superior to 
dried milk in protective activity. It may be that the 
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TaBLeE Il: Wericur oF OrGANS 
Liver, percent _ Spleen, per Adrenals, mgm, 
of body % Dry weight cent of body per cent of 

— Body weight of liver weight body weight 

Supplement to rice diet animals Sex Range Mean Range Mean Range Mean Range Mean Range Mean 

p-DA + milk 26 oO" 270 173 6.34 4.61 33.5 28.86 1.39 0.86 39.1 259 
97 3.25 22.8 0.44 14.7 

20 ? 192 161 5.68 4.15 32.9 29.09 1.23 0.86 48.4 3146 
132 3.39 26.7 0.52 22.1 

" 7 Oo" 2506 180 6.59 4.43 30.2 28.37 1.53 0.90 48.0 334 
104 3.35 27.4 0.54 22.6 

ae 14 2 189 153 4.96 3.82 31.5 29.45 1.11 0.70 72.8 38) 
110 3.05 28.4 0.46 19.1 

+ carrots + 6°% casein 25 ? 133 90) 8.0 4.95 32.3 29.65 1.77 1.16 59.0 369 
62 3.77 26.8 0.51 23.0 

+ carrots 5 et 115 104 6.48 5.50 30.0 28.86 1.55 1.45 39.6 334 
93 4.70 27.5 1.20 26.2 

re 17 ? 130 9] 6.27 4.76 32.2 28.90 1.50 0.96 56.4 35.4 
57 3.30 25.0 0.63 24.8 

Azobenzene + carrots 9 ~ 170 127 5.49 4.41 32.7 30.90 1.60 1.21 80.6 443 
114 3.78 29,2 0.64 28.4 

Milk 23 oO" 287 214 5.25 3.52 38.0 29.51 0.92 0.45 46.4 25.0 
106 2.56 25.8 0.28 9.2 

19 2 215 165 5.42 3.55 33.5 29.93 1.02 0.51 52.9 38,7 
123 2.59 26.4 0.33 27.0 

° 16 of 271 205 5.73 3.79 31.2 29.20 0.72 0.54 33.1 22.8 
141 2.84 28.0 0.30 14.5 

° 10 2 207 175 3.80 3.32 36.0 30.47 0.67 0.45 38.5 29,3 
152 2.89 25.0 0.32 10.0 

Casein + carrots 9 2 134 110 4.53 3.61 33.2 29.63 0.90 0.47 55.5 391 
95 2.98 29.3 0.33 30.6 

Carrots 7 oO" 132 110 6.61 5.23 34.0 30.03 1.01 0.67 57.6 33.3 
67 3.97 27.0 0.43 10.6 

- 8 2 129 108 5.01 4.08 30.0 28.86 0.67 0.51 49.4 35.1 
81 3.50 27.5 0.35 24.1 

; ° 10 2 175 127 3.62 3.41 32.8 29.80 0.60 0.43 47.9 35,5 
94 3.18 27.9 0.30 25.0 


* All diets contain 2% arachis oil except those marked with asterisk. 


Ill: WeicHtrs OF THE SPLEENS OF Rats RECEIVING 


p-DIMETHYLAMINOAZOBENZENE WITHOUT OR WITH 


‘TABLE factors, or some of the factors, involved in the pre- 
vention of tumors of the liver are damaged by drying, 


TUMORS IN THE LIVER , 
which may be different according to the process em- 


_ ” a senanteieies ployed. H. Burrows investigated the effect of dried 
pecadilitieate oo es whole milk on the occurrence of mammary cancer 1n 
1.54 0.85 pure (C3H) strain mice, but saw no effect therefrom 
ot — (private communication ). 
1.12 0.66 With full recognition of the danger of accepting 
1.01 0.38 results in rats as valid also for the human subject, 
ee _ attention is drawn to a possible analogy in the coin- 
0.83 cidence of dietary deficiency and the incidence of 
“e+ hepatic cancer among African Negroes. It is ex- 
0.73 tremely difhcult to collect data on the nutrition otf 
Mean 1.14 Mean 0.75 primitive peoples; in particular it is impossible to give 
Rice + 6% casein + p-DA 1.50 1.42 a general answer to the question whether any large 
1.42 1.39 proportion of them consume milk. Yet it is fairly 
— mae certain that in regions of Africa where the tsetse fly 
1.11 0.95 is endemic no cow can live, and that the natives have 
0.93 0.89 no milk except possibly that from goats. This is the 
i ne case on the Gold Coast, where nearly all cancer in 
0.72 0.73 Negroes originates in the liver (private communication 
aa nee from Dr. P. Goldscheider). In the areas where milk 1s 
* 0.63 available its consumption may be restricted because of 
a economic causes or religious customs. In South Africa, 
bean 10) Mean 625 in the region of Witwatersrand, milk is available but 
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TABLE IV 
Duration of 
treatment, No. of Fatty Nodular Cholangio- Chol- 
Diet Range in days animals change cirrhosis fibrosis angioma Hepatoma 

Rice + /-DA 73-267 13 6 (46%) 5 (39%) 4 (39%) 11(85%) 2 (15%) 
Rice + casein + p-DA 100-333 19 9 (46%) 9 (46%) 10 (53%) 15 (79%) 6 (32%) 
Rice + milk + p-DA 72-465 34 8 (24%) 0 1 (3%) 2 (6%) 0 
Rice + milk + p-DA 78-388 22 7 (32%) () 3 (14%) 3 (14%) 1 (4.5%) 


in conscquence of economic restrictions (24) a large 
part of the population lives very largely on corn. Ac- 
cording to Gilbert and his associates (11) the food of 
natives consist of corn, and “‘some of the more fortu- 
nate Africans are able to supplement their mealie 
meal! diet at regular intervals with ‘maas’ or fer- 
mented milk.” By a diet of corn and sour milk, Gill- 
mann and his group (12) were able to produce liver 
damage, without tumors, in growing rats. We do not 
know how the milk is altered in this process of souring 
or fermenting, and whether these milks would: still 
have a protective effect in respect to cancer of the liver. 
It is stated that in some Bantu communities the women 
drink milk, but that it is avoided by males. Bourne 
(5), in his recent survey of the nutrition of the 
Japanese, points out that the consumption of milk, 
which was introduced to Japan only at about the end 
of the 18th century, is negligible. Thus it is clear 
that one cannot ascertain whether milk is used, even 
when it is available, without exact knowledge of the 
local customs, which can be acquired only by workers 
on the spot. 

The data collected by Berman (2) indicate that 
primary cancer of the liver is prevalent in varying 
degree over the southern half of Africa, India, the 
East Indies, China, and Japan. The published material 
yields the following figures for primary carcinoma of 
the liver as a percentage of carcinoma of all organs. 


Per cent Per cent 
Bantu 37 Philippines 22 
Javanese 36 Semi-Bantu 18.7 
Chinese 36 Japanese 7.8 
Indians 28 


Over this vast area there is of course an immense 
variety of dietetic conditions and habits, about which 
it is difficult to collect complete information and im- 
possible to generalize at present. It seems unlikely that 
any single positive factor, that is, the same carcino- 
genic substance in the food, operates over so many 
different countries, though such a factor may be 
present in some areas; e.g., Portuguese East Africa 
(2). A deficiency in the diet is more likely to be 
common to all these peoples, and this deficiency 
might be one that is made good by some constituent of 


milk. 





1Corn meal. 


None of the deficient diets alone produced cirrhosis 
or hepatic tumors in rats in the present experiment; 
the presence of a second factor was necessary to induce 
the formation of neoplasms in the liver. Similarly in 
cancer of the liver in man some carcinogenic agent 
may be concerned, the manifestation of which is modi- 
hed by dietary factors. 

As for the relation of neoplasia to cirrhosis and the 
probable sequence of events leading to the formation 
of new growths, the results presented here agree with 
the findings of Opie (22). Cirrhosis is not necessarily 
a precursor of the tumor, but is frequently associated 
with it. 

The hepatic grgwths produced in rats by p- 
dimethylaminoazobenzene are multicentric, and cystic 
and noncystic cholangiomas and hepatomas are found 
in the same liver, whereas Berman (4) strongly sup- 
ports the view of the unicentric origin of primary liver 
tumors in man. | 

Extensive hyperkeratosis and hyperplasia of the 
squamous epithelium in the forestomach of rats was 
first thought to be connected with an infestation by 
Gongylonema neoplastica (10). Passey and his group 
(23) succeeded in producing similar changes in the 
stomach of the rat without infestation with Gongylo- 
nema by using diets adequate in every respect except 
with regard to vitamin A, and in one series of experi- 
ments Cramer (9) found papillomatosis to be produced 
by vitamin A deficiency, but also by a lack of vitamin 
B. But some years later, failing to produce papilloma- 
tosis by the same means, he concluded that unbalanced 
diets play only a contributory part and are not the 
chief factors in the development of papillomatosis. A 
similar conclusion was reached by Brunschwig and his 
associates (6), who described extensive hemorrhage 
and hyperkeratosis in the forestomach of rats as a 
result of diets unbalanced in protein, fat, or carbo- 
hydrate content. The lack of vitamin A, B,, B., or D 
did not seem to be an etiological factor. Epithelial 
hyperplasia in the forestomach of the rat on a polished 
rice diet was observed by Sugiura (25); kieselguhr 
increased these changes, and they did not occur on 
unpolished rice. In the present experiment extensive 
papillomatosis developed in the forestomach of ani- 
mals on a rice and casein diet, which seemed to be 
comparable in degree with that of the rats on 
kieselguhr-rice described by Sugiura. The number 
of animals with papillomatosis increased on addition 








572 


Cancer Research 





of azobenzene, and was still greater in animals that 
received p-dimethylaminoazobenzene. Their diet was 
unbalanced in many respects, for they received very 
little vitamin B and only provitamin A in the form 
of carotene, mainly from carrots. 

The mechanical irritation of the forestomach by 
hard grains of rice may also have increased the ten- 
dency to papillomatosis, while a chemical influence 
was apparent in the increase of papillomas upon the 
addition of azo dyes. All animals with papillomas had 
a reduced gastric HCl. 

The addition of fresh milk to the diet prevented 
the development of papillomas completely and main- 
tained a normal HCl secretion. Milk not only coun- 
_ teracted the effects of an unbalanced diet, but also the 
noxious effects of the azo dyes. Experiments will be 
carried out to elucidate the mechanism of these effects. 


SUMMARY 
1. The addition of 10 ml. of fresh milk daily to a 


rice-carrot diet containing 0.06 per cent of p-dimethyl- 
aminoazobenzene protected rats to a considerable ex- 
tent from the development of liver tumors. In one 
group of 50 animals 2 incipient growths were found 
on the 410th and 460th days respectively; in a second 
group (30 animals) tumors were found on the 16lst 
day, on the 262nd day and on the 378th and 386th 
days respectively. 

2. The addition of 6 per cent of casein to the rice- 
carrot diet with 0.06 per cent of p-dimethylaminoazo- 
benzene did not prevent the formation of tumors, 78 
per cent of the animals killed after the 90th day 
having had hepatic neoplasms. 

3. The food intake of the animals decreased on the 
diet containing milk when p-dimethylaminoazoben- 
zene was given. The body weights of the males were 
slightly lower than those of the controls receiving no 
p-dimethylaminoazobenzene. However, no difference 
in the weights of females was observed. 

4. The food intake of the rats on rice and carrots 
or rice, casein, and carrots with or without p-dimethy]l- 
aminoazobenzene was about the same, and was about 
half as great as that of animals on a diet supple- 
mented with milk. The body growth stopped; ani- 
mals receiving p-dimethylaminoazobenzene lost weight 
slightly. 

5. In all groups of rats receiving p-dimethylamino- 
azobenzene the spleen was enlarged. In the same 
groups the individual rats that developed tumors had 
smaller spleens than had those without tumors. 

6. The free HCl in the stomach generally disap- 
peared in animals on diets producing tumors, but this 
did not occur in all animals that developed tumors. 

7. Some rats on the rice-casein diet developed papil- 





lomatosis of the forestomach, the tendency to which 
was increased by the administration of azo dyes. 


8. Possible dietary influences on the development of 


primary liver cancer in some native peoples of Africa 
and Asia are discussed. 
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Undergoing Carcinogenesis by 
Methylcholanthrene* 
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Studies on the role of the minerals in epidermal 
carcinogenesis of mice induced by methylcholanthrene 
have been described (2), and the need for the determi- 
nation of the water content of the epidermis became 
obvious in investigations on the succinic dehydrogenase 
and cytochrome oxidase activities of the epidermis (3). 
Since the latter are expressed as cu. mm. of oxygen 
consumed per mgm. dry weight of tissue per hour, 
it became imperative to ascertain in what way the 
water content behaved during carcinogenesis so that 
the activities of the enzymes could be placed on a 
more adequate basis of reference. 

In our previous studies the epidermis was separated 
from the dermis at 50° C., and no attempt was made 
to determine the water content since one would ex- 
pect some loss of water at this temperature. We have 
overcome this obstacle through separating epidermis 
from the dermis at room temperature by the following 
procedure: A block of wood was covered with a 
sheet of plastic and the whole mouse skin, fur side 
up, was stretched tightly over it with pins. With a 
small dull scalpel the epidermis was scraped off the 
dermis. Histological examination of the dermis re- 
vealed that it was not disturbed, although a few 
epidermal cells were left in contact with it. Fig. 1 
shows the procedure for the separation process. 

The water content of normal, untreated epidermis 
was determined by drying the sample to constant 
weight at 105° C., and also by the Bidwell-Sterling 
toluene extraction method. With the former procedure 
the epidermis upon removal from the dermis was 
placed into a small, round-bottom, stoppered-flask, 
which was submerged in a mixture of ice and water 
to minimize loss of water by evaporation. The sample 
was then weighed and dried to constant weight at 
105° C. A micro Bidwell-Sterling apparatus was con- 
structed with Pyrex glass and the receiving vessel was 
calibrated with mercury. The samples of epidermis 





* Aided by grants from the National Cancer Institute, The 
[International Cancer Research Foundation, and an Anonymous 
Donor. 


were removed as described above and then, after 
weighing, were refluxed with dry toluene until no 
more water fell into the receiving tube. Since the water 
content of normal epidermis was 60.9 per cent with 
the former method as compared with 59.8 per cent 
with the latter and therefore practically the same by 
both procedures (Table I), all samples of hyperplastic 
epidermis and tumors were dried at 105° C. to de- 
termine their water content. 





Fic. 1.—Skin stretched on block for removal of epidermis. 


The mice were shaved and treated with the car- 
cinogen as previously described (2), and all animals 
were sacrificed 5 days after the last application of the 
carcinogen. For the final stages of carcinogenesis the 
transplantable squamous cell carcinoma of Cooper, 
Firminger, and Reller was used (4). 


RESULTS 


The results are shown in Table I and are expressed 
as the percentage of water in the different samples. 
The water content of the normal untreated epidermis 
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was 60.0 per cent by drying at 105° C., and 59.8 were removed at 50 to 51° C., and gave about the 
r cent by the toluene extraction method. Two of the same water content as those removed at room tempera- 
samples in the former group (marked with an asterisk) ture, showing that little if any loss of water occurs at 
the higher temperature. Mice that received 3 and 6 








Tair I: Warer Content 1x EprperMat METHYL- applications of methylcholanthrene contained 66.5 and 
CHOLANTHRENE CARCINGORIRS 65.6 per cent water respectively, and those that were 
ggrime after | painted 12 and 24 times had 67.2 and 66.7 per cent 
Number Number to killing Water water respectively. The hyperplastic epidermises con- 
of of of mice, content, : ; 
mice paintings days Yo tained more water than did the normal. Three samples 
nm of squamous cell carcinoma had an average of 81.7 
sialic aaa per cent water, a considerable increase over the normal 
15 60.0 and hyperplastic epidermises. That tumors contain 
15 60.4 more water than the tissues from which they develop 
18 62.6 is well known (7). 
a z The variation in the water content with time and 
oe | the number of applications of the carcinogen is shown 
72 (total) Average 60.9 graphically in Fig. 2, which demonstrates that the 
water content of hyperplastic epidermis is not only 
niente a6 wien wnbin emi higher than normal, but remains higher and constant 
15 62.8 through the precancerous stages. A much greater 
15 56.0 increase in the water content occurs when the epi- 
15 98.5 dermal cells become carcinomatous. 
“a —_ Microscopic studies by others in the Barnard Hospital 
60 (total) Average 59.8 group provide data that seem to be correlated with 
| these findings. Thus, the nucleocytoplasmic ratio of 
METHYLCHOLANTHRENE-TREATED MICE basal and spinous cells decreases promptly in the 
} 3 10 64.4 early stages of epidermal hyperplasia and remains at 
ll 3 10 66.5 approximately the same figure for 50 days (5). This 
8 3 10 68.6 is mainly due to an increase in cytoplasm which is 
oe peice occasioned perhaps, to some extent, by an increase in 
28 (total) Average 66.5 his a 
water. In addition, the definite increase in the dis 
9 6 7 64.0 placeability of nuclear chromatin and nucleoli of epi- 
§ 6 17 67.2 dermises subjected to ultracentrifugal force during 
? 6 17 68.7 early hyperplastic stages in the response to the car- 
; - “ or cinogen and the greater and more uniform increase 
sis ei in displaceability in the resulting cancer (6) may well 
40 (total) Average 65.6 be associated in some measure with the increase in 
water content. 
8 12 31 68.0 
10 12 31 67.3 ’ 
10 12 31 66.3 eee 
xs pani The greater amount of water in tumors is usually 
- oa iene attributed to the following factors (7): (a) The pres- 
6 34 62 66.2 ence of hydration-promoting ions, potassium, sodium, 
4 24 62 64.0 chloride; (b) the presence of similarly effective pro- 
6 24 62 67.5 tein decomposition products; (c) a change of the lipid 
16 (total) nr composition, which influences cell permeability. 
The relation, cholesterol/lipid phosphorus, is be- 
onenme lieved by Meyer and Schaeffer (1) to be a measure of 
5 81.7 the ability of a tissue to hold water; that is, the higher 
6 82.5 the value of the ratio the greater the water content of 
‘ oe the tissue. Our integrated program of studies on 
16 (total) Averiaa 816 epidermal carcinogenesis showed no appreciable change 


ee in the sodium and potassium contents in hyperplastic 








576 


Cancer Research 





epidermis, and slight decrease in the content of these 
metals in the carcinoma derived from the epidermis 
(2). Yet in this paper we report a slight increase in 
the water content in the hyperplastic epidermis and 
a signal increase in the carcinoma. With respect to 
the cholesterol/lipid phosphorus ratio, Wicks and 





water content is somewhat increased. Since the tumors 
that we employ for analysis are small, solid, and show 
little if any necrosis microscopically, it would appear 
that the presence of protein decomposition products 
would not adequately account for the increased water 
content in the carcinoma. 


NUMBER OF APPLICATION OF METHYLCHOLANTHRENE 
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Fic. 2.—The water content in epidermal methylcholanthrene carcinogenesis. 


Suntzeff (8) have demonstrated a decrease in the 
cholesterol protein nitrogen ratio in hyperplastic mouse 
epidermis, .and recent studies in this laboratory have 
shown that the phospholipid content likewise drops 
in methylcholanthrene-treated epidermis,’ and yet the 





1 Unpublished observations—R. L. Simoes, C. Carruthers, C. J. 
Costello, and M. Kamen. “Uptake of Ps2 in the Phospholipid 
Fraction of Mouse Epidermis Undergoing Carcinogenesis by 
Methylcholanthrene.”’ 


SUMMARY 


The water content of normal untreated mouse ept- 
dermis, methylcholanthrene-treated epidermis, and of 
a squamous cell carcinoma, originally derived from 
mouse skin, has been determined. The water content 
of normal mouse epidermis was 60.3 per cent, while 
the average of hyperplastic epidermises, which were 
practically the same throughout this stage was 66.5 per 
cent. The carcinoma contained an average of 81.7 pet 
cent water. 
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(Received for publication May 9, 1946) 


An examination of the ovaries of aged Wistar rats 
has revealed the presence of tubules that are lined by 
cells that bear a striking resemblance to the Sertoli 
cell of the seminiferous tubules. The occurrence of 
occasional tubules in otherwise normal ovaries of senile 
rats may have some relation to the three cases in 
which the entire ovary is replaced by a tubular 
adenomatous growth. 


MATERIALS 


The material presented here is a result of histo- 
logical examination of the ovaries of 34 rats from the 
Wistar series, which were 900 days of age or older. 
Of this group, 20 were 900 days or slightly older, 
10 were 1,000 days or slightly older, and 4 were 1,100 
days or more old. For comparison, tissues of 15 fe- 
male rats of this series ranging between 600 and 900 
days, were examined. The animals were killed and 
autopsied by the staff of the Wistar Institute. In most 
instances the ovaries were removed with the ovarian 
capsules and adjacent tubes, fixed in Bouin’s fluid, 
and shipped in 70 per cent alcohol. Both ovaries were 
imbedded together and cut at 8 pw in this laboratory. 
Usually 2 slides, each with 10 to 16 sections, were 
saved from the middle of the ovary. One slide was 
stained with Harris hematoxylin and eosin, the other 
with Masson’s trichrome stain. Subsequently other 
staining methods were used for special purposes. 


AcE CHANGES 


Secondary follicles and corpora lutea were present 
in the ovaries of 17 of the 34 rats, while in the re- 
maining 17 the ovary showed generalized atrophy 
and consisted of a mass of epithelioid cells, the so- 
called interstitial cells of the ovary. In several of the 
most atrophic ovaries the general pattern was that of 
an ovary in a post-irradiation state. Varying amounts 





* This study of Wistar Institute rat material is part of a 
general program of ageing carried on by cooperating scientists 
and sponsored by Dr. E. J. Farris, Executive Director of The 
Wistar Institute, supported by the Samuel S. Fels Fund. 
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of a brownish lipochrome pigment were present in 
these completely atrophied ovaries. 

The atrophic ovaries were evenly distributed be- 
tween the 900 day old rats and the older ones. In this 
series all of the pronounced changes referable to the 
atrophy of aging occurred in the group of female 
rats which were 900 or more days old. The ovaries 
of the 15 rats of this series which were 600 or more, 
but less than 900 days old, were all quite normal, with 
abundant primordial ova, follicles and corpora lutea. 
In this sample of 15 younger rats there were no 
ovaries that consisted only of an interstitial cell mass. 
Small follicles without ova were present in the ovaries 
of both groups of rats. 

In the ovaries of some of the old rats there were 
series of tubules that have not been described previ- 
ously in the normal rat. They were characterized by 
epithelial cells with vague cytoplasmic borders and 
nuclei characteristic of those of Sertoli cells of the 
seminiferous tubule. The nuclear structure of the 
Sertoli cell in the rat testis is neither so constant nor 
so definite as it is in man, but even in the rat it affords 
a definite character for histological diagnosis. The 
nuclei are oval, slightly tapering at one end, or are 
“football” shaped. A fold or groove of the nuclear 
membrane results in a deeper stained line apparent 
over the surface of the nucleus (Fig. 1). This nuclear 
groove is characteristic of the nucleus of the Sertoli 
cell in man and many lower animals. This detail of 
nuclear structure has been described in other organs 
for the Brenner tumor of the human ovary and for 
the Walthard cell rests by Danforth (2). 

These tubules were located most frequently near 
the hilum of the rat’s ovary, although in two instances 
they were seen in the cortex opposite the hilum. In 
several rats in which these tubules were found in the 
ovary near the hilum similar tubules were found in 
the ovarian capsule near its attachment to the ovarian 
hilus. Tubules of the paraoophoron are sometimes 
present in association with the tubules that bear the 
cells with the Sertoli cell nucleus. In one case the 
tubules of the paraoophoron showed cellular structure 
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and configuration, which were identical with the 
ductuli efferentia of the testis. Communication or 
continuity between the two sets of tubules was not 
demons'rated. 

The tubules contain no epithelial elements other 
than the cells described. There are no cells similar to 
spermatogenic elements. A distinct basement mem- 
brane is present. 


Arey (1) has devoted considerable space to the 
factors related to this peculiar type of nuclear groove, 
which he describes as having a “puffed wheat” ap- 
pearance. He refers to this type of nucleus as “common 
and characteristic of the Brenner tumor and Walthard 
island,” and also of the Sertoli cell nucleus, although 
he says “it can be found also occasionally in the nuclei 
of connective tissue, smooth muscle and ordinary 





~ 


Fic. 1.—Drawing of tubule in ovarian cortex of a 900 day old Wistar rat, No. 978. The cytoplasm and nuclear structure of 
this tubule are characteristic of 9 isolated tubules in the ovaries of aged rats, and of the tubular adenomas described. 


The small follicles without ova, which might be 
confused with these testis-like tubules may have a 
single layer of columnar epithelium. The nuclei are 
oval or ovoid, and are not grooved. The basement 
membrane is distinct, but a layer of cells of theca 
folliculi, circularly arranged is present. No similar 
cellular border is present around the tubules described. 
The differences between the Sertoli cell tubuli and 
the atretic or anovular follicle are very distinct in this 
series of ovaries. 


epithelium.” Nuclear grooves, bars, folds and other 
modifications of symmetry may occur in any tissue, 
but not with the degree of frequency requisite for its 
acceptance as a diagnostic character. The grooved 
nucleus is characteristic of the nucleus of the Sertoli 
cell. 


TuBULAR ADENOMAS 


Three rats showed such complete involvement of 
the ovaries with the tubular structures described above 
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that they were designated as tumors of the tubular 
adenoina group. 

In one rat, number 1005 g, which was 1,000 days 
old, both ovaries were affected. The ovaries were not 
larger than usual for an adult rat. No cortical ova, 
no follicles, nor any corpora lutea were seen. 

A single ovary was available for another rat, number 
978, which was autopsied at 900 days of age. In this 
ovary the tubular adenoma did involve the entire 
organ. Several small, old corpora lutea were present, 
and solid masses of interstitial cells of atretic follicles 
could be identified. The ovary was only slightly larger 
than that of an adult rat. 

A single ovary from a 1,112 day old rat, number 5, 
was studied. It was noted at autopsy that the left ovary 
appeared as an ivory-hued mass, not much larger than 
a normal ovary. On section this ovary was lacking 
in all ovarian elements in that there were no follicles 
or any luteal tissue. 

The structural characteristics of the ovarian adeno- 
mas of each of these animals were quite similar. In 
preparations stained with hematoxylin and eosin, ob- 
scure tubular structures could be seen throughout the 
organ (Fig. 2). Near the hilum were large, well- 
organized tubules of the types described above (Fig. 4). 
Adjacent sections stained so as to demonstrate the 
reticular (argyrophile) connective tissue fibers show 
that the entire parenchyma was organized into tubules 
of irregular shape and size (Fig. 3). The epithelium 
of these tubules was composed of cells with indefinite 
outline. The apices of the cells consisted of wavy 
cytoplasmic masses with no cell membranes nor any 
means for delimiting the cell outline. These cells were 
negative to mucous stains. The nuclei were variable 
in shape, being round or oval. The oval nucleus with 
the folded nuclear membrane was present but was not 
dominant in these small tubules. 

The common feature characterizing the component 
cells of all tubules, including those with the Sertoli 
cells nuclei, was the indistinct cytoplasmic border, very 
similar to the condition in the testis where all spermato- 
genic cells are absent (Fig. 5). 

These atypical growths were composed of tubules 
bearing cells and nuclei most characteristic of the Ser- 
toli cell of the seminiferous tubule. These tubules may 
be located near the hilum or radiating from the hilum 


of the ovary of an old rat. There are no structural 
differences between the tubules that occur in small 
groups in the otherwise normal ovary of the aged 
rat and the tubules which have replaced all ovarian 
structure, as in the three cases described above as 
adenomata tubuli ovarii. 

In addition to the ovarian adenomas, 2 of these rats 
had other tumors. 

The rat with the bilateral tubular adenomas, number 
1005 g, also had a fulminating squamous cell car- 
cinoma of the uterine cornua. Other organs were not 
available for study. 

The other number 978, had three adenomas of the 
mammary gland. One large tumor was in the left 
inguinal region, one was in the right inguinal region 
and a small mammary adenoma was in the right 
axilla. Other tissues were not available for study. 

No information as to the hormonal status of the 
genital system of these 3 rats can be gained from the 
material at hand. There were no tissues from the 
vagina in two cases, and in one the only uterine ma- 
terial was the carcinomatous mass. The vagina of the 
third animal, number 5, was not atrophic, but there 
was slight keratinization of the epithelium. The 
endometrial stroma was completely fibrosed and en- 
dometrial glands were sparse. The lumenal epithelium 
was columnar in type with no mitotic proliferation 
or secretion. 

There was no direct morphological indication of any 
endocrine action in any of these animals. 


DISCUSSION 


The ovary of rats and of other animais show, with 
increasing age, a progressive decrease in both the 
number of cortical ova, and the number of developing 
follicles. 

In the ovaries of other older rats described above 
there are also tubules, most frequently located near 
the hilum but also in the cortex, that have structural 
similarity to tubules of the testis, and are similar to 
the adenomas described except that they are not 
numerous. In one rat with a tubular adenoma of the 
ovary, an old corpus luteum was present. In the other, 
no follicles or corpora lutea remain, although nests of 
luteal or granulosa cells were seen. These tubules 




















DESCRIPTION OF FIGURES 2 TO 5 


Fic. 2.—Photomicrograph of tubular adenoma of a 1,000 day 
old Wistar rat, No. 1005 g. Hematoxylin and eosin stained. 

Fic. 3.—Photomicrograph from same adenoma as shown in 
Fiz. 2. Tissue prepared by Wilder’s silver method to demon- 
strate reticular fibers delimiting the irregular tubules. 


Fic. 4—Photomicrograph, Wilder's silver stain, of tubules in 
ovarian hilum of Wistar rat, No. 1005 g. 

Fic. 5—Photomicrograph of tubules in cortex of ovary of 
Wistar rat No. 978. The nuclear structure and diffuse cytoplasm 
of the epithelium are quite similar to that seen in the Sertoli 
cell of the seminiferous tubule. 
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have many structural characteristics of the tubular 
form of the Brenner tumor of the human ovary. 

Embryologically the testis cords develop from the 
gonadal medulla, while the ovary develops from the 
cortex of the gonadal primordia. Some significance 
may therefore be attached to the presence in the adult 
ovarian hilum of tubules characteristic of those of the 
testis, especially since these structures appear only after 
the growth and proliferation of ovocytes and follicles 
has ceased. 

Wilcox and Mossman (4) have described testis-like 
tubules in the ovaries of a shrew during certain stages 
of the reproductive cycle, where the ageing tactor 
would not be dominant. 

Other studies on induced ovarian tumors, including 
adenomas in mice as in the report of Furth and 
Butterworth (3) do not describe nor illustrate tubules 
or cells such as were found in these ageing rats. How- 
ever, in tubular varieties of the arrhenoblastomas of 
the human ovary may be found the characteristic cell 
and nucleus referred to above as similar to the Sertoli 
cell of the testis. 





The thoughtful suggestion of Robert Meyer that 
the arrhenoblastomas and other dysgerminomas prob- 
ably arise from persisting embryonic influences may 
also apply in these cases of testis-like tubules in the 
ovaries of aged rats. In these cases, however, the 
restriction of the tubules to rats in the oldest age groups 
possibly indicates a type of android proliferation which 
was permitted only after removal of gynecoid in- 
fluences. 
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Reports of Research 


The Pathological Effects of an Instantaneous 
Dose of Radiation. Warren, S. [(MC) USNR] Cancer 
Research, 6:449-453. 1946. 

This is the address of the president of the American 
Association for Cancer Research given at the 37th annual 
meeting of the society and concerns the biological effects 
of the atomic bombs on the inhabitants of Nagasaki and 
Hiroshima. The injuries experienced by these persons 
could in general be classified into those occurring 1m- 
mediately after the explosion and those occurring after 
a delayed period. The immediate injuries were mainly 
those due to the intense heat, flash-burns frequently being 
Ind or 3rd degree, as well as thermal injuries due to 
induced fires. It was an interesting fact that frequently 
parts of the body were protected from flash-burns by the 
upraised hand or arm, or the reflecting properties of a 
piece of clothing. Also there were injuries which were 
not peculiar to this type of bomb due to the blast itself. 
Some of the inhabitants suffered from all types of injuries 
and it was difficult in others to determine the real cause 
of death. Short-wave irradiation and neutrons were like- 
wise responsible for some immediate effects, as weakness, 
general malaise, fever, and sometimes death. The delayed 
effects due to radioactivity were anorexia, weight loss, 
epilation, and changes in the cellular elements of the blood 
and bone marrow. Leukopenia was an outstanding effect, 
the white cells sometimes being reduced to 200 per cubic 
mm. during the first few days after the exposure. This 
was interpreted to mean that the cells of the circulating 
blood were destroyed as well as their precursors in the 
hemopoietic centers. Three to 5 weeks after the blast some 
of the natives showed a thrombocytopenia, some dying of 
acute hemorrhage, while others -had ecchymoses, purpuric 
patches and petechiae. The late blood changes were mainly 
those of anemia of the aplastic type. The effects of this 
irradiation on the gonads were also noted, the testes being 
more severely affected than the ovaries, and showing in 
some cases suppression of spermatogenesis with subsequent 
atrophy. However, the interstitial cells were not damaged. 
It is pointed out that it will be necessary to follow the 
population of these two communities for a long time in 
order to determine the full effects of these atomic bomb 


explosions.—E. W. S. 


The Carcinogenic Activity of Some New Deriva- 
tives of Aromatic Hydrocarbons. II. Compounds 
Related to 1,2-Benzanthracene. Dun ap, C. E., and 
Warren, S. [Harvard Cancer Commission, and Harvard Med. 
Sch., Boston, Mass.] Cancer Research, 6:454-465. 1946. 
Thirty-eight substitution products of 1,2-benzanthracene 
were tested for carcinogenic activity by subcutaneous in- 


teen 





jection in mice. Each of 12 of the compounds produced 
one or more sarcomas at the site of injection while the 
remaining 26 were inactive. Among the new compounds, 
those which showed the greatest activity were 5-bromo- 
and 5-cyano-9,10-dimethyl-1,2-benzanthracene. The results 
of these tests permit no new generalizations as to the 
relationship between the chemical structure of hydro- 
carbons and their carcinogenic activity—Authors’ abstract. 


Association d’hydrocarbures polycycliques et 
mécanisme de la cancérisation. [The Association 
of Polycyclic Hydrocarbons and the Mechanism 
of Carcinogenesis.] Lacassacne, A., Buu-Hor, H.-P., and 
CaGNIANT, P. [Pasteur Inst., Instit. of Radium Annex, and Poly- 
technic Sch., Paris, France] Compt. rend. Soc. de biol., 138: 
16-17. 1944. 

This work was based on the following hypothesis: It 
is known that the cumulative action of small doses of a 
carcinogenic substance induces, after a certain lapse of 
time, a tumor. The change in the properties of the cell 
seems to be due to an accumulation of small insults to the 
mechanism which controls division of that cell. By in- 
troducing a mixture of 2 very similar substances, the one 
carcinogenic, the other non-carcinogenic, it is reasoned 
that the latter material should occupy some space in the 
cell, thus preventing the entrance of the carcinogenic 
material. Hence the tumor formation should be delayed. 

Two groups of 10 mice of the same strain and age re- 
ceived the same amount of methylcholanthrene sub- 
cutaneously. The second group received, in addition, di- 
benzofluorene in equimolecular concentration. Substantial 
differences were noted. There was considerable delay in 
the appearance of the tumors in the second group; only 6 
animals developing growths, whereas cancer appeared in 
all the 10 animals of the first group.—R. J. 


Production de tumeurs du type éléidome 4a la 
suite d’injections d’oestrone. [Production of Tu- 
mors of the Eleidoma Type after Injections of 
Oestrone.] Cuevret-Bopin, M. L., and Cormier, M. [Lab. 
of Hotel-Dieu, Rennes, France] Compt. rend. Soc. de biol., 138: 
30. 1944. 

Injections into 7 rabbits of oestrone in an oil suspension, 
at doses varying from 18 to 300 mgm. induced subcutane- 
ous and visceral fatty infiltration of the liver, kidneys, and 
lungs. Subsequent injections of folliculin in an oil sus- 
pension resulted in the appearance of tumors at the site 
of the injection. The opinion is given that the production 
of tumors in such animals is connected with the presence 
of free fatty acids due to faulty metabolism.—R. J. 


Microfilm copies of such papers here abstracted as are available may be obtained from Medicofilm Service of the Army Medical 
Library at 25¢ for each complete article, not exceeding 25 pages in length—and 10¢ for each additional 10 pages or fraction thereof. 
Prepayment is not requested. Remittance may be made with subsequent orders and in such manner as found most convenient. 
Address—Medicofilm Service, Army Medical Library, Washington, D. C. 
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Serial Transmission of the Milk Agent of Mouse 
Mammary Carcinoma. Green, R. G., Moosry, M. M., 
and Birrner, J. J. [Univ. of Minnesota Med. Sch., Minne- 
apolis, Minn.] Proc. Soc. Exper. Biol. & Med., 61:362-363. 
1946. 

Mice of the hybrid ZBC strain, which are susceptible to 
but do not carry the milk influence, were given serial in- 
oculations of filtrates of mammary tumor from C3H mice 
and normal lactating mammary tissue. The procedure was 
to inject 30 mice with filtrates, 15 of the animals being 
held indefinitely and forced-bred to induce maximum 
mammary cancer production. The other 15 mice were 
permitted to raise one litter and then were sacrificed to 
yield lactating mammary tissue to be inoculated into an- 
other group of 30 mice. In a similar manner 15 of the 
second group were forced-bred and 15 allowed to have 
but one litter, the latter furnishing the lactating mammary 
tissue for the third batch of animals. This was repeated 
4 times. 

In the first group of mice receiving mammary tumor 
filtrate all 15 females developed tumors. In the group of 
females receiving suspensions from the first transfer of 
mammary glands, the number of tumors fell to 11; in the 
second transfer 6 tumors appeared, and in the third and 
fourth transfers no tumors developed. The disappearance 
of cancer in the later transfers may be due to the fact that 
a hybrid strain was used, to a loss or modification of the 
virus, or to a change in immunologic § relationships.— 


M. b. 


Bone Tumors in Fowls Injected Intravenously 
with Causative Agent of Rous Sarcoma. Pikovsk1, 
M., and Doryanski, L. |The Hebrew Univ., Jerusalem, Pales- 
tine] Proc. Soc. Exper. Biol. & Med., 61:246-248. 1946. 

White leghorn chicks of both sexes, and 7” vitro cultures 
of the Rous-Fischer strain of filterable fowl sarcoma agent 
were used. Fragments of a Rous cell colony were planted 
into a Carrel flask containing | part of chicken plasma 
diluted with 2 parts of Tyrode solution. After cultivation 
for 1 to 3 weeks the flasks were overlaid with Tyrode 
solution and incubated for 30 minutes; the supernatant 
fluid was pipetted off and centrifuged 3 times at 3,000 
r.p.m. for 15 minutes each. 

Twelve chicks, aged 4 to 10 weeks, were each injected 
intravenously with 1 cc. of washings from tissue cultures 
of Rous sarcoma cells, 2 or 3 injections being given at 
weekly intervals to each bird. Individuals died in 21 to 42 
days after the initial inoculation. Autopsies showed 
growths in the liver, lungs, heart, and kidneys in 9 of 12 
chicks. The visceral tumors were always associated with a 
sarcoma at the inoculation site. The outstanding feature 
observed in 11 of 12 chicks was the extensive neoplastic 
bone changes (sternum, femur, tibia, tarso-metatarsus, 
radius, ulna, humerus). Histologically, the tumors were 
typical invasive osteoid sarcomas: No explanation for this 
phenomenon is offered, although the repeated intravenous 
injections of the agent or a modification of the agent 
during passage im vitro are mentioned as _ possibilities — 


M. B. 


——.. 
Cancer du foie apparu chez un lapin irradie par 
neutrons. [Appearance of a Cancer of the Liver jn 
a Rabbit after Irradiation by Neutrons.] Lacassacyg. 
A., and Jotior, F. [Coll. of France and Inst. of Radium, Paris, 
France| Compt. rend. Soc. de Biol., 138:50-51. 1944. 

A young male rabbit weighing 1,350 gm. was exposed 
for 3 days to a bombardment by neutrons. Considerable 
alterations in blood picture were especially marked on the 
ninth day (800 white blood cells). Nevertheless, the count 
returned very rapidly to normal and remained so for 
several months. Nine and one-half months after the ex. 
posure the general condition of the animal became poor, 
and death occurred in the 17th month. The autopsy re. 
vealed the existence of a large carcinoma of. the liver, 
There was no doubt in the minds of the authors but that 
the neutron bombardment caused the appearance of the 
tumor. Spontaneous cancer of this type is entirely un- 
known in rabbits.—R. J. 


Creatine Metabolism in Relation to Pituitary 
Tumours. Cumincs, J. N. 
Brain, 67:265-269. 1944. 

The urine of 8 patients with chromophobe adenoma of 
the pituitary contained slightly more creatinine than that 
of control subjects, and on some days also contained 
small amounts of creatine when kept on a meat-free and 
fish-free diet. The urine of 16 patients with acidophil 
adenoma of the pituitary contained an increased quantity 
of creatinine and a definite but variable amount of 
creatine. In a creatine tolerance test, made by giving | gm. 
of the compound orally and examining the urine and 
blood during the next 3 hours, 3 patients with chromo- 
phobe adenoma gave a response that differed considerably 
from that of 2 patients with acidophil adenoma; the test 
is recommended for differential diagnosis.—M. H. P. 


| Nat. Hosp., London, England| 


The Effect of Diets Containing an Abundance of 
Milk, Liver, Riboflavin, and Xanthine on Methyl- 
cholanthrene Carcinogenesis. Srronc, L. C., and Ficcr, 
F. H. J. [Yale Univ. Sch. of Med., New Haven, Conn.| Can- 
cer Research, 6:466-469. 1946. 

A diet of liver supplemented by combinations of raw, 
unpasteurized milk, riboflavin, and xanthine had little 
or no influence on the latent period or growth rate of 
tumors induced in C3H mice by the subcutaneous injection 
of | mgm. doses of methylcholanthrene. In general, the 
diet supplements stimulated tumors at first and _later 
seemed to have a slight inhibitory effect. This effect was 
most pronounced in the group of mice receiving raw milk 
and riboflavin in addition to the basic dried liver, milk, 
Nurish-mix diet. In any case, the effect of diet was s0 
slight that its significance was questionable. This is in 
contrast to the remarkable inhibition of the carcinogenic 
action of p-dimethylaminoazobenzene observed by other 
investigators when adequate amounts of yeast, liver, or 
milk are added to the diet—Authors’ abstract. 


Sur la croissance des tumeurs spontanées chez 
des souris recevant des injections d’acide ascor- 
bique (vitamine C). [Action of Vitamin C on the 
Growth of Spontaneous Tumors in Mice.] Dosro- 
VOSKAIA-ZAVADSKAIA, N. [Inst. of Radium, University of Paris, 
France| Compt. rend. Soc. de biol., 137:689-691. 1943. 

Ascorbic acid, in solutions of 1 and 5%, was injected 
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subcutancously or intravenously into 55 tumor-bearing 
mice. the results were not conclusive. This was due, 
perhaps, to the fact that the mouse’s ability to synthesize 
vitamin C varies with each animal. As a result the 
amount of vitamin C supplied by the mouse cannot be 
controliecd and comparative studies become difhicult. In- 
jections of high concentrations of vitamin C seemed to 
have a curbing action on the tumor growth in certain 
cases, but in several other instances the growth was 
accelerated.—R. J. 


Cytotoxic Property of Mouse Cancer Antiserum. 
Green, R. G. [Univ. of Minnesota Med. Sch., Minneapolis, 
Minn.| Proc. Soc. Exper. Biol. & Med., 61:113-114. 1946. 

In a study concerning the milk influence associated with 
mammary gland carcinoma of mice, an antiserum pre- 
pared from rabbits has been tested for its toxicity for 
cancer cells. Mouse cancer tissue was homogenized and 
fractionally centrifuged. The first sediment, obtained by 
centrifugation for 1% hours at 14,000 * gravity, was dis- 
carded. The supernatant was again centrifuged | hour at 
100,000 * gravity. The second sediment was collected, 
suspended in 0.9% saline solution and injected intrapert- 
toneally into rabbits in 5 weekly doses totaling 2 gm. of 
original tissue. The rabbits were bled for serum 14 days 
after the fifth injection of centrifugate. An antiserum 
against normal lactating mouse mammary tissue was pre- 
pared in an identical manner, the normal mammary tissue 
coming from mice susceptible to but not carrying the 
milk influence. Normal rabbit serum was used as an ad- 
ditional To test these sera, cancer tissue was 
macerated, suspended in saline, and allowed to settle for 
30 minutes. This cell suspension was then diluted 10 
times and divided into 4 portions. To each of these 
aliquots 5 volumes of cancer antiserum, normal tissue anti- 
serum, normal rabbit serum, and 0.9% saline were added 
respectively. All the mixtures were held at room tem- 
perature 3 hours, and then in the refrigerator at 7° C. for 
3 hours. A sixteenth of a cc. of each preparation was 
injected intraperitoneally into separate groups of 10 mice 
each. 

The cancer antiserum completely inhibited the growth of 
cancer cells. Both the normal rabbit serum and normal 
mammary tissue antiserum caused a delay in tumor de- 
velopment. The normal rabbit serum inhibited slightly 
the tumor growth since only 7 of the 10 injected mice 
showed tumors at the end of 60 days. 

Tumors developed more rapidly than in the other groups 


in all mice injected with tumor cells in saline solution.— 
M. B. 


control. 


Antigenic Character of the Cancer Milk Agent 
in Mice. Green, R. G., Moosty, M. M., and Birrner, J. J. 
(Univ. of Minnesota Med. Sch., Minneapolis, Minn.] Proc. Soc. 
Exper. Biol. & Med., 61:115-117. 1946. 

The milk agent used in this study was obtained from 
high-speed centrifugates, collected between a first run at 
15,000 * g. and a second at 95,000 x g. of mammary can- 
cers. These sediments were injected into rabbits and white 
rats to produce antisera. Five doses of the materials ob- 
tained, each the equivalent of 4 gm. of spontaneous mouse 
tumor suspended in 3.5 cc. of saline, were injected into 


rabbits at 5 day intervals. The rats were similarly im- 
munized, but each dose was 2 cc., equivalent to 1 gm. of 
tumor. Seven to 10 days after the last injection the 
animals were bled. 

Ninety mice of the ZBC strain were separated into 3 
groups of 30 animals each. Group 1 of mice received a 
centrifugate equivalent to 0.25 gm. of tumor tissue sus- 
pended in 0.5 cc. saline solution. At the end of 11% 
months, 25 of the 30 mice had developed mammary 
cancer. Group 2 individuals were injected with a cen- 
trifugate equivalent to 0.25 gm. of tumor tissue suspended 
in 0.5 cc. of rabbit immune serum after the mixture had 
stood at room temperature for 2 hours. At 11'4 months, 2 
of the 30 mice had developed tumors. The mice in group 
3 were injected with similar amounts of centrifugate sus- 
pended in 0.5 cc. of normal rabbit serum. Of these, 14 
developed mammary cancer at 11!4 months. After in- 
oculation all animals were forced-bred to stimulate cancer 
development. 

In a second experiment, antisera against spontaneous 
mouse tumor tissue, transplanted tumor tissue, and from 
normal mouse liver, heart, spleen and kidney, were pre- 
pared in laboratory rats as already described. In addition, 
normal rat serum was obtained. ZBC mice, 1 month old, 
were injected with tumor sediments mixed with the various 
antisera following incubation for 2 hours. One control 
group received active sediment suspended in 0.9% saline 
solution. 

Of the 48 mice that received spontaneous tumor anti- 
serum mixtures (24) and transplanted tumor antiserum 
mixtures (24) none developed cancer at 1314 months. 
Twenty-one mice of the 24 receiving normal tissue anti- 
serum developed tumors, as did 13 of the 24 that received 
the normal rat serum. Of the 24 control mice that re- 
ceived the active material without the addition of serum, 
18 became cancerous. 

The authors feel that 3 basic criteria of a virus are now 
known to be met by the milk agent, and the evidence 
also indicates that the agent is a virus of exogenous origin. 


—M.B. 


Essai d’immunisation contre un épithélioma de 
Vutérus du Rat par injection de filtrat tumoral. 
[Tentative Immunization against an Epithelioma of 
the Uterus of the Rat by Injections of Tumor Fil- 
trate.] Roussy, G., GufriIn, M. and Guérin, P. [Cancer Inst., 
Univ. of Paris, Paris, France] Compt. rend. Soc. de biol., 138: 
121-123. 1944. 

Ground tumor tissue filtered through a bacterial filter 
was used as a vaccine. The tumor was a transplantable 
epithelioma of the rat’s uterus. Different experiments in- 
volving a total of 95 rats, did not show any significant 
difference between experimental and control animals in 
the growth of tumors grafted. A very limited immunity 
existed in animals inoculated 2 months previously with 
vaccine, but it was completely lacking in animals vac- 
cinated 3 or 4 months earlier. Other experiments were 
done using a mixture of the filtrate plus an attenuated 
suspension of tumor, the results here were likewise né@ga- 


tive.—R. J. 
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Tests for Specificity of Tumors and Sera of Rats. 
Bartey, G. H., and Garpner, R. E. [Sch. of Hyg. and Pub. 
Health, Johns Hopkins Univ., Balumore, Md.] dm. /. Hyg., 
40:212-223. 1944. 

Guinea pigs were passively sensitized to autoclaved ex- 
tracts of rat carcinoma 256 and sarcoma 10° by intra- 
peritoneal injection of antisera from rabbits immunized 
with vaccines of Pasteurella boviseptica grown 101 1n- 
fusion broths made from the tumors. Such antisera showed 
little if any specificity for autoclaved extracts of the tumors, 
but gave many cross reactions in passive anaphylactic tests 
in guinea pigs. The sensitized guinea pigs showed con- 
siderable anaphylactogenic specificity for unheated sera of 
rats bearing the tumors. Rabbit antisera against autoclaved 
extracts of the 2 tumors mentioned or of normal rat 
tissues, Were Very toxic on intravenous injection in rats. 
The sera of the tumor-bearing rats showed greatly in- 
creased amounts of the complement but no_ increased 
specific or nonspecific hemolytic action on sheep red blood 
cells. Positive precipitin tests were obtained with the fresh 
sera of tumor-bearing rats when the sera were mixed with 
fresh guinea pig serum and the specific carbohydrate com- 
plex of Salmonella enteritidis. Essentially negative results 
were obtained in an attempt to apply precipitin and 
anaphylatoxin tests to differentiate the sera of human 
patients with and without tumors.—M. H. P. 


Studies in Hodgkin’s Syndrome. II. A Search 
for Brucella in Hodgkin’s Syndrome. Hosrer, H. A., 
Doan, C. A., and ScHomacner, M. [Ohio State Univ., Colum- 
bus, Ohio] Proc. Soc. Exper. Biol. & Med., 57:86-88. 1944. 

The coexistence of Brucella infection and Hodgkin’s 
syndrome has previously been reported. In this investiga- 
tion, a series of 71 patients were studied; 35 with histo- 
logically verified Hodgkin’s granuloma and 36 with mis- 
cellaneous diseases involving the reticuloendothelial system. 
Bacteriological studies included cultures from nasal and 
throat secretions; from urine and blood; from aseptic 
surgical specimens of liver, spleen, lymph node and bone 
marrow; from postmortem samples of spleen, lymph node 
and liver; and from other miscellaneous sources. No 
organisms identified as belonging to the Brucella group 
were isolated. Three patients with Hodgkin’s granuloma 
had brucellergin skin tests which were positive after 48 
hours. None, however, showed a significant agglutinin 
titer for Brucella and none developed an elevation of the 
opsonocytophagic index which was considered significant. 
—M. B. 


Significance of the Age Factor and Sex Glands 
in Experimental Leukemia in Mice. Si-serserc, M., 
and Si_BerBerc, R. [City Hosp. and Jewish Hosp., Saint 
Louis, Mo.] Proc. Soc. Exper. Biol. & Med., §8:347-348. 1945. 

This investigation deals with the influence of age and 
sex glands on the development of leukemia in strain D 
mice in which the incidence of spontaneous leukemia is 
2%. Of the 141 males and 117 females used, 73 males 
and 57 females were castrated at the age of 2 to 3 weeks, 
and 68 males and 60 females served as noncastrated con- 
trols. All mice were injected subcutaneously once a week 
for 5 months with 200 rat units of estradiol benzoate in 
s&ame oil. The animals were divided into 2 groups. In 
group A, estrogen was injected about a week after opera- 


ne 
tion, the mice being 3 to 4 weeks old; in group B, estrogen 
treatment was begun 6 weeks or 3 months after castration, 
After estrogen treatment was stopped, the mice were per. 
mitted to live until their natural deaths. 

The incidence of leukemia of the intact, estrogen-treated 
males was 30%; of the castrated, estrogen-treated males, 
50%. Leukemia developed in 45.8% of the intact females, 
whereas ovariectomized, estrogen-treated females showed 
a 40% incidence. These differences are probably not sig. 
nificant. The same number of castrated males and females 
developed leukemia, whether injected immediately after 
castration or at a later date. In females with intact ovaries, 
leukemia was somewhat more frequent in animals. in- 
ected at 3 to 4 weeks of age (45.8%) than in those in- 
jected at the age of 2 to 3 months (36.1%). The age of 
non-castrated males at the onset of treatment had a decided 
influence on the incidence of leukemia. Those mice re- 
ceiving estrogen after sexual maturity had an incidence of 
57.9% while only 30% of the younger animals developed 
leukemia. The presence of the testes in sexually immature 
males seemed to inhibit the development of the leukemia 
which would have usually occurred under the influence of 
estrogen.—M. Bb. 


Nouvelles recherches sur la transplantation de 
tissus au cours de leur cancérisation par le benzo- 
pyrene. [New Research on Transplantation of Tis- 
sues during the Process of Carcinogenesis by 
Benzpyrene.] Roussy, G., Gutrin, M., and Guérin, P. 
|Cancer Inst., Univ. of Paris, Paris, France| Compt. rend. Soc. 
de biol., 138:25-27. 1944. 

A small amount of benzpyrene was introduced under 
the skin of 50 rats; using 10 rats as control, the nodule 
of benzpyrene plus surrounding tissue were removed from 
40 of the animals and reintroduced, in 6 different groups 
using different technics. The conclusions were that the 
process of carcinogenesis by benzpyrene seems to be due 
to the result of a local action rather than a general one 
on the whole organism. The chemical reaches not only the 
cells in direct contact, but also cells which are at a certain 
distance from the benzpyrene. After transplantation of 
the tissue surrounding the benzpyrene pellet, a certain 
antagonism is observed between the cells of the new host 
and those which are in the tumor. 
favors malignant change.—R. J. 


Trauma to the cells 


Failure of Homozygous Embryo Skin to Prevent 
Growth of Autogenous Tumor-Grafts in the Rat. 
Gotpreper, A. {New York City Cancer Inst. and New York 
Univ., New York, N. Y.] Proc. Soc. Exper. Biol. & Med., 
60:338-340. 1945. 

Several investigators have reported the induction of 
resistance to malignant growths, including leukemias, in 
hybrid animals by injecting normal homologous tissues, 
such as liver, spleen, blood and homologous skin. How- 
ever, similar results have not been obtained when inbred 
strains of animals were used, and it has been concluded 
that the degree of induced resistance that can be produced 
depends upon the genetic relationship between the host 
and the immunizing agent; and that no resistance to 
tumor growth can be produced either with normal or 
malignant tissues in animals of pure line. 

In this investigation, an attempt was made to produce 
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immuni! to a reticulum cell lymphosarcoma, which arose 
in an inored strain of rats by the use of normal embryo 
skin of (he same strain. The skins of rat embryos were 
removed under strict asepsis, finely minced, and a con- 
centrated suspension prepared in a small amount of 0.85% 
saline. V’ortions of 0.3 cc. of this suspension were injected 
into the right flank of 15 male rats. Twelve days later, 
the left sides of the same rats were injected by trocar with 
grafts of 3 to 4 mgms. of the reticulum cell lymphosarcoma 
which arose in this strain. As controls, 6 male rats of the 
same strain were implanted with the same tumor. Criteria 
for evaluating results were: percentage of takes, latent 
period of takes, and initial and maximum tumor sizes. 
There were no significant differences in tumor behavior 
between experimental and control groups, and no evidence 
of induced resistance to the grafts.—M. B. 


Transplantability of Induced Granulosa Cell Tu- 
mors and of Luteoma in Mice. Secondary Effects 
of These Growths. Furru, J. {Cornell Univ. Med. Coll., 
New York Hlosp., New York, N. Y.| Proc. Soc. Exper. Biol. 
& Med., 61:212-214. 1946. 

A single exposure of x-rays in dose of 87 r given over 
the entire body to 44 mice about 6 weeks old produced 
ovarian tumors in 31. These growths were of 3 main 
histological types (a) tubular adenomas (b) luteomas and 
(c) granulosa cell tumors. Thirteen of 21 attempts to 
transfer these tumors were successful. Tubular adenomas 
of 3 mice proved transplantable. This is a very slow- 
growing tumor, becoming palpable (about 2 mm. in diam- 
eter) after about 6 months. Two induced luteomas were 
readily transplantable. Luteomatous cells proliferate by 
mitotic division retaining the morphological characteristics 
of lutein cells in mice of both sexes. Mice bearing one of 
these Juteomas (Strain IX) do not show evidence of 
hyperestrinization, but the adrenal cortex undergoes pro- 
found atrophy. These mice gained considerable weight. 
A granulosa cell carcinoma (Strain III) arose in an F, 
mouse that received 175 r when 6 wecks old, followed by 
a painting with 0.5% methylcholanthrene in benzene. 
Histological changes indicated that cells of this tumor 
secreted estrogens. Mice carrying tumors of this strain 
also exhibited a cavernous dilatation of the sinusoids of 
the liver, spleen and adrenals.—M. B. 


The Invasive Character of Cancer Growth. 
Coman, D. R. [ Univ. of Pennsylvania Med. Sch., Philadelphia, 
Pa.}| Am. J. M. Sc., 211:257-260. 1946. 

The author, finding that cancer cells are less firmly 
attached to one another than are normal or benign tumor 
cells, suggests that this fact offers a physical basis for in- 
vasive growth. The question is raised whether the de- 
creased cohesiveness of cancer cells depends either upon 
the local calcium deficiency that is known to exist in 
cancer tissue or upon a local increase in spreading factor 
or both.—M. T. 


Nitrogen Mustards in the Treatment of Neoplas- 
tic Disease. Ruoaps, C. P. [Committee on Growth of the 
National Research Council, New York, N. Y.] J. 4. M. A., 
131:656-658. 1946. 

The present therapeutic status of the nitrogen mustards 
is summarized. Methyl-bis (8-chloroethyl) amine hydro- 


chloride has been used more extensively than ¢ris (p- 
chloroethyl) amine hydrochloride and on the basis of this 
experience the methyl-4s compound seems to be preferable 
as venous thrombosis is not so likely to follow at the in- 
jection site. Thus far a total of 160 patients suffering from 
neoplastic disease (chicfly lymphoma, leukemia, and allied 
conditions) has been treated with these agents. The dosage 
of the methyl-4zs compound recommended as a_ single 
course 1s 0.1 mgm. per kgm. of body weight intravenously 
on 4 successive days. 

The nitrogen mustards in large enough doses are in- 
jurious to many types of tissues, and appear to exert their 
greatest eflects on rapidly dividing cells, presumably cither 
normal or neoplastic. The predominant toxicologic effect 
of these compounds is to damage the normal hemopoietic 
system of the body. The tumor regressions induced by 
these compounds are temporary and no cases of the neo- 
plastic diseases studicd have been observed. The effects 
of the nitrogen mustards are in many respects similar to 
those of x-rays. The great advantage of radiation therapy 
is that it can be given locally. The agents are available 
for experimental purposes only by qualified institutions 
through the Committee on Growth, National Research 
Council, Washington, D. C. Members of the Committee 
on Growth are listed.—M. E. H. 


An Experimental Evaluation of Methionine in 
the Therapy of Liver Injury from Carbon Tetra- 
chloride. Snarrer, C. B., Carpenter, C. P., and Moses, C. 
[Mellon Inst. and the Sch. of Med. of the Univ. of Pittsburgh, 
Pittsburgh, Pa.| J. Indust. Hyg. and Toxicol., 28:%7-93. 1946. 

Liver damage was produced in 28 normal dogs by the 
intraportal injection of undiluted carbon tetrachloride in 
dosages ranging from 0.05 to 0.252 cc./kgm. Fifteen of 
these animals received 0.3 gm./kgm. of methionine post- 
operatively by the intravenous route, and in some cases, a 
second therapeutic dose of equal size 18 hours later. On 
the basis of gross and histopathological observations, liver 
function tests, and length of survival of methionine-treated 
and control animals, no consistent beneficial action of 
methionine in the prevention or repair of liver damage 
due to carbon tetrachloride was found. Moderate amounts 
of carbon tetrachloride given intraportally were absorbed 
almost completely by the liver with little pathologic change 
resulting elsewhere. Larger doses caused tubular and some 
glomerular damage in the kidney, and hemorrhage in 
the other abdominal viscera as well as in the lungs. The 
maximum injury to the liver occurred in the caudate and 
right lateral lobes.—F. L. H. 


Effect of Bacterial Toxins on Tumors. VII. 
The Tumor-Hemorrhage Factor in Bacteria. Zan., 
P. A., Starr, M. P., and Hutner, S. H. [Haskins Lab., New 
York, N. Y.] Am. J]. Hyg., 41:41-56. 1945. 

Seven day old implants of mouse sarcoma 180 in white 
male Rockland mice became hemorrhagic 8 hours after 
the intraperitoneal injection of killed suspensions of vari- 
ous gram-negative bacteria, including plant pathogens of 
the groups Agrobacterium, Bacterium, Pseudomonas, and 
Xanthomonas. Contrary to previous reports species of the 
gram-negative genus Rhizobium and of the gram-negative 
photosynthetic genera Rhodobacillus and Phaemonas like- 
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wise possessed this ability. In Sa/monella choleraesuis, but 
not in Hemophilus influenzae, smooth strains were much 
more potent than rough for the production of hemorrhage 
in tumors. No tumor hemorrhages were produced by 
streptococci or (with few exceptions) other gram-positive 
bacteria, or by protozoan flagellates. Apparently the hemor- 
rhagic factor ot the gram-negative bacteria 1s bound in 
the complex O antigen. The mode of action of “Coley’s 
toxin” is discussed.—M. H. P. 

Number of Peyer’s Patches. in Mice Belonging 
to High and Low Mammary Tumor Strains. Ket- 
saLL, M. A. | Roscoe B. Jackson Memorial Lab., Bar Harbor, 
Me.[ Proc. Soc. Exper. Biol. Med., 61:423-424. 1946. 

Mice used in this study were of both sexes, varying in 
age from 4 weeks to 1.5 years. The animals were starved 
for two days prior to death, killed with ether, and the 
small intestine as well as the cecum removed, fixed in 
10% formalin solution for 2 days, and then thoroughly 
washed. This procedure enabled the patches to be easily 
seen macroscopically. The 5 different strains used included 
C57 black, having a low average of 6.3 Peyer’s patches and 
in which spontaneous mammary tumors are very rare, 
strain C, Swiss mice and dba, with an intermediate number 
of patches averaging 8 to 9. These latter strains have a 
higher incidence of spontaneous tumors (up to 85% in 


dba breeding females). Finally C3H mice were also 


es 


studied and were found to have the highest number of 
patches (mean being 10.7); the incidence of mammary 
cancer in this strain is about 95%. The correlation between 
the number of Peyer’s patches and the incidence of spon. 
taneous mammary tumors is significant.—M. B. 


The Experimental Production of Extraskeleta} 
Bone-Forming Neoplasms in the Rat. Duvynine, 
W. F., and Curtis, M. R. [Wayne Univ. Coll. of Med. and 
Detroit Inst. of Cancer Research, Detroit, Mich. | Radiology, 
44:64-76. 1945. 

Bone-containing neoplasms having no connection with 
the skeleton were experimentally produced in rats. In one 
group of 7,500 neoplasms induced in rats’ liver by cyst. 
cercus fasciolarus, 49 were bone-forming tumors. The tu. 
mors varied from benign to highly malignant growths and 
showed extreme variability. Sixty-six bone-forming neo. 
plasms were observed in 2,351 tumors induced by sub. 
cutaneous injection of paraflin containing 3,4-benzpyrene. 
Three concentrations of benzpyrene were used: 1.0, 0.25, 
and 0.1% giving rise to tumors in the proportion of 1, 7, 
and 20% respectively. The most favorable incitant of 
heteroplastic bone-forming neoplasms was 0.1%, _ the 
weakest concentration used. 

It was noted that the osteosarcoma induced had a greater 
average daily increase in diameter than the bone-containing 
neoplasms which were primarily fibrosarcomas.—R. E. S. 


Clinical and Pathological Reports 


Clinical investigations are sometimes included under Reports of Research 


DIAGNosIsS—GENERAL 


The Significance of Tumor Cells in Serous Effu- 


sions. Honicman, A. H. |[Sch. of Med., Univ. of Md., and 
Univ. Hosp., Baltimore, Md.] Surg., Gynec. & Obst., 81:295- 
301. 1945. 


An examination for malignant cells was made of 172 
samples of fluid aspirated from 142 patients, and the results 
are tabulated and discussed. Malignant cells were found 
in nearly 60% of the fluids from patients with confirmed 


r 
. 


carcinoma.—]. G. K 


The Vaginal and Endometrial Smear as a Diag- 
nostic Procedure in Cancer of the Uterus. Papanico- 
raou, G. N. [New York Hosp., New York, N. Y.] N. Y. State 
J. M., 45:1336-1338. 1945. 

The author believes that although this method 1s still 
incompletely explored and should not be expected to 
compare in accuracy and dependability with the long 
tested and well standardized methods of biopsy and 
curettage, its clinical test in various laboratories has proved 
its validity as a source of reliable information. It presents 
some distinctive and advantageous features, which are 
enumerated. Two case histories are reported.—J. L. M. 


II. The Value of the Vaginal Smear in the Diag- 
nosis of Uterine Cancer. A Report of 1015 Cases. 
Meics, J. V., Granam, R. M., FremMont-Smiru, M., JANZEN, 
L. T., and Netson, C. B. [Vincent Memorial Hosp., and 
Harvard Med. Sch., Boston, Mass.] Surg. Gynec. & Obst., 81: 
337-345. 1945. 


The authors conclude that the vaginal smear technic 
is an accurate method of diagnosis of cancer of the uterus 
and that its most important contribution may be in the 
held of cancer control, since large numbers of women may 
be screened and those with positive smears studied further 
by biopsy.—J. G. K. 


THERAPY—GENERAL 


Results in the Treatment of Skin Cancer. Go.- 
MAN, L. B. [Queens Gen. Hosp., Jamaica, N. Y.] N. Y. State 
J. M., 45:2186-2189. 1945. 

The two varieties of skin cancer, basal and squamous, are 
presented with illustrations before and after treatment. 
The author points out that any skin ulceration, small as 
it may be, if persistent, should be suspected of malignancy 
unless repeated biopsies are negative. Three methods of 
treatment, irradiation, electrocoagulation, and surgery, are 
utilized in skin cancer. The results, however, depend not 
so much upon the choice of a modality as upon its proper 
use. The common skin lesions should be treated with 
irradiation rather than with surgery or electrocoagulation. 
Surgery is indicated in skin carcinomas of the extremities, 
being of special advantage in cases of ulcerations that do 
not heal under ordinary care.—J. L. M. 


Hormone Treatment of Cancer. Donpns, E. C., ET AL 
[Discussion at Med. Soc. of London, Dec. 10, 1945] Lancet, 
249:817-818. 1945. 

E. C. Dopps said that a small proportion of breast cancers 
are undoubtedly benefited by estrogen. TERENCE MILLIN 
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tia 
had foun: that 90% of 200 cases of prostatic cancer were 
benefited estrogen. Most of those that failed to respond 
had apically situated tumors. This series does not extend 
beyond 
after 10 years. Stilbestrol is more efficacious than orchidec- 


years; no case can be regarded as cured until 


tomy. Bune metastases may recur in spite of continued 
treatment. Estrogen therapy should be the final rather 
than the initial treatment, since its benefits tend to be 
reduced alter 2 or 3 years. ‘Treatment is recommended in 
three stages: (1) total prostatectomy, (2) transurethral 
resection plus orchidectomy, and (3) stilbestrol therapy— 
with a wait for symptoms to recur before starting the next 
phase of treatment.—E. L. K. 


Contact Roentgen Therapy in Cancer of the Blad- 
der. Goin, L. S., and Horrman, E. F. [Los Angeles, Calif. ] 
Am. ]. Roentgenol., 54:392-394, 1945. 

During a period of 5 years, 31 cases of cancer of the 
bladder have been treated by suprapubic cystotomy, ful- 
guration of the tumor mass, and direct irradiation of the 
tumor base, one or two reopenings of the bladder being 
done for repeated treatment when necessary. Contact 
(Philips) equipment was employed with a target skin 
distance of 22 mm. and radiation of half value layer 1 mm. 
Al; about 5,000 r is the usual single dose, of which most of 
the patients had two a week apart. Treatment was limited 
to tumors not more than 3 cm. in diameter, involving the 
trigone or the bladder neck. There were no deaths, no 
serious hemorrhage, and no bladder perforation or fistula 
formation. Nine patients are living with no evidence of 
disease, 10 more still have cancer. The results compare 
favorably with those from radon or radium implantation 
and are better than those from external irradiation only. It 
is pointed out that for higher voltage x-rays such large 
doses would probably not be tolerated.—E. H. Q. 


Salient Factors in the Treatment of Hodgkin’s 
Disease and Lymphosarcoma with Roentgen Rays. 
Desyarpins, A. U. [Mayo Clin., Rochester, Minn.| Am. J. 
Roentgenol., 54:707-722. 1945. 

The number, size, and position of radiation fields must 
be carefully planned to cover all demonstrable lesions. The 
quality of radiation is not important provided an adequate 
depth dose can be administered. Instead of treating dif- 
ferent fields in sequence, it is recommended that each 
field be treated completely before another is started. Treat- 
ment for each field usually requires 2 days; the patient 


should receive daily irradiation until the series is complete. 


A second series about 3 weeks later is advised. If enlatged 
nodes contain a large proportion of connective tissue, or 
old calcified deposits, or are infected, they do not respond 
as well to therapy. The clinical condition of the patient 1s 
also a factor; in acute cases, rapid regression may be fol- 
lowed by rapid recurrence, while in chronic cases long 
remissions may be obtained.—E. H. Q. 


Report on Radium Therapy for 1943. Fricke, R. E. 
Proc. Staff Meet., Mayo Clin., 19:549-552. 1944. 

A statistical analysis of the results of radium therapy at 
the Mayo Clinic for 1943 is presented. Of 742 patients, 
who had been treated with radium for malignant disease 
months or years ago and who returned in 1943, the malig- 
nant disease of 61.3% was arrested or “cured,” the condi- 


tion of 35.1% was improved and only 3.6% had not been 
helped. Of the 193 patients who had been treated pre- 
viously for benign conditions and who returned in 1943, 
76.2% had definitely improved, while 19.7% were cured 
and only 4.1% had not been helped. The only new form 
of treatment instituted during 1943 was the use of radon 
ointment for the treatment of intractable irradiation ulcers. 
Twenty patients treated with radium 5 to 9 years ago, 
i2 treated from 10 to 19 years ago and 1 more than 
2) years ago for known malignant disease were given 
careful examination with failure to elicit any residual 
malignant lesion or any recurrence.—J. L. M. 


Discussion on Treatment of Carcinoma of the 
Larynx. Davis, E. D. D., et al. [Proc. Roy. Soc. Med.,| 
38 2353-362. 1945. 

EK. D. D. Davis reviewed 40 cases of early intrinsic 
cancer of the larynx treated by laryngofissure. Of the 40 
patients, 15 could not be traced, and in 7 only exploratory 
operations were done. In the remaining 18, 9 have had 
no recurrence in 5 years or more, 5 have had recurrence 
after 2 years, 4 have had earlier recurrence. Preliminary 
biopsy was not always considered necessary. Laryngofis- 
sure could safely be performed without tracheotomy and 
there was no operative mortality. 

LioNEL Co Lvepce stated that surgery offers appro- 
priate treatment for all forms of intrinsic cancer of the 
larynx, provided gross extension beyond the larynx has 
not occurred. Biopsy should be performed in all cases. Of 
his patients, 25 with laryngofissure or partial laryngectomy 
showed 18 survivals for 10 years or more; of 75 sub- 
jected to laryngectomy, 45 survived 10 years or more. He 
considered radiotherapy an alternative and not a_ sup- 
plement to excision. He did not advocate trial irradia- 
tion, nor the use of radiation in ail cases, followed by 
operation on failures. Each case must be decided on its 
own merits. If radiotherapy is used it should be tele- 
radium, not radium implantation. 

M. LeperMAN discussed radiotherapeutic methods of 
treating intrinsic cancer of the larynx, recommending 
external radiation by x-rays or teleradium in preference 
to the Finzi-Harmer operation for early cases. Decision 
between surgery and irradiation has to be made according 
to the general condition of the patient, the histology, site, 
and extent of the tumor, the purpose of the treatment. 
Trial irradiation is justified in certain cases. 

In comparing results of surgery and radiotherapy cer- 
tain facts should be noted: (1) Surgical skill and technic 
in the performance of the various laryngeal operations 
for cancer have reached their peak, whereas _radio- 
therapeutic technic is still in process of development. 
(2) Statistics from surgical sources are selected, since only 
cases operated on are reported. (3) The radiotherapist 
has usually to base his results on material discarded by 
the surgeon. A true comparison of results is possible only 
when, the material is comparable. (4) There is no 
statistical method of showing such advantages of radio- 
therapy, as conservation of the larynx and absence of an 
operative mortality. 
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Figures from various radiotherapy centers were quoted, 
mnecluding SO cases treated by teleradium at- the Royal 
Cancer Hospital between 1933 and L944. OF 23) patients 
with tumors classified as operable, 18 were alive and well, 
8S tor 5 years or more. Of 19 with tumors classified as 
inoperable, only L survived for 5 years. Fourteen had 
recurrence after previous treatment; of these, 5 are alive, 
| tor more than 5 years.—M. L. 

Treatment of Carcinoma of the Prostate Gland 
with Special Reference to Stilbestrol and Castra- 
tion. Pirrson, L. EE. [Sioux City, lowa] J. Joma M. Soc., 
35:357-359, 1945, 

A briet review. 


M. i. H. 


RADIATION 


Some New Facts Concerning the Prognosis and 
Treatment of Carcinoma of Cervix by Radiation. 
Donatpson, M. Proc. Med., 39:10-15. 1945, 

In the raciotherapeutic treatment of advanced caret 
noma of the cervix it has been observed that a considerable 
percentage of patients do poorly even with supposedly 
adequate irradiation, while a certain number, apparently in 
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the same stage of disease, recover with much less treat 
ment. Spear and Glicksmann have shown that, with the 
Stockholm technic and its modifications, the most “radio 
curable” growths are the well differentiated and not 
the undifferentiated both types 
according to stage of diseases shows that differentiated 
cells predominate in early, and undifferentiated in later 
stages. In 346 tumors Gliicksmann found that 15% of the 
anaplastic parakeratotic growths showed 5 year survival, 


ones. Classification of 


as contrasted to 32% in anaplastic squamous growths. 
The difference was most evident in stage 3 cases, when 
the survival ratio was 2:1. 

A study of preradiation sections is important in de 
ciding whether a tumor should be “radio-curable”; a 
quantitative comparison of pre- and postradiation — sec- 
tions enables an exact prognosis to be made in a given 
case. The method is as follows: Sections are always taken 
from the growing edge of the tumor. Biopsies are per. 
formed before irradiation is started, and at least twice 
during treatment, and percentage counts made of the fol- 
lowing 4 cell types, (a) resting—not differentiating and 
not dividing but retaining the power to divide, (b) mi- 
totic, and (c) differentiating—with eosinophilic cytoplasm 
and a distinct cell wall. The alteration may proceed to 
parakeratosis or to true keratinization. Either process 
renders the cell nonviable. (d) Degenerating cells repre- 
sent the last type counted, these showing various forms 
of nuclear disintegration. Quantitative histological charts 
are then made by plotting these counts against time on 
a graph at a convenient scale. 

In a series of 150 cases of uterine cancer followed up 
for 24 months the prognosis given on histological grounds 
was in agreement with the clinical finding in 111 instances. 
In 25 cases the histological and clinical findings were not 
in agreement; in 14 cases there was no report. 

In an attempt to improve results with undifferentiated 
tumors the author has tried a modified technic using the 
same quantity of radium and number of hours but giving 
a continuous instead of an interrupted treatment. It is 
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a 
(Oo early lor why statement as to clinical results but the 
histological picture suggests a definite improvement— 
M. L. 


Direct Irradiation of Cancer of the Stomach and 
Other Viscera (Exposed Temporarily at Opera. 


tion). Pamemup, G. C., and Storer, A. | Mt. Vernon 
Hlosp., Northwood, Middlesex, England] Lancet, 249:529. 
926. 1945, 


Gastric cancer is the commonest form of CANCE, and 
curative surgery gives only | to 4% of 5 year survivals 
While palliative treatment adds only 4 months to. the 
patient's lite. The reason tor the poor results of treatment 
are late diagnosis, incomplete surgery, and the failure 
of the usual methods of irradiation, 4¢., external irradia. 
tion, contact therapy with the Chaoul tube, radon seed 
implantation, and intracavitary irradiation. Direct irra. 
diation at high intensity after preliminary temporary ex. 
posure of the gastric neoplasm has the following ad- 
vantages: (1) The size, position, and extent of the neo- 
plasm can be accurately assessed and a biopsy performed. 


be undertaken at this time. 
curately 


(2) The tumor can be ae. 
nrachating large volumes. of 
normal tissue. (3) The skin is undamaged by irradiation 
and subsequent external irradiation can be applied if 
necessary. 


treated without 


Before operation, special attention is given to accurate 
diagnosis and localization of the tumor, and every care 
taken to build up the patient’s general condition and to 
combat sepsis. At operation the incision is planned ac- 
cording to the site of the disease and the patient rests on 
a special trolley designed so that the radiation treatment 
can be given without moving him off the apparatus. 
After exploration and consultation among surgeon, radio- 
therapist, pathologist, and anaesthetist, if the decision to 
employ direct irradiation is made, the patient is moved to 
the radiotherapy room, the treatment given, and the pa- 
tient returned to the theater for closure of the wound. 

For the radiotherapeutic treatment two specially modi- 
hed 250 kv. Metropolitan-Vickers constantly evacuated 
tubes are used. Two technics have been employed. In 
the first, a single dose of 500 to 1,200 r is given to the 
lesion through a parietal opening, followed 10 to 14 days 
later by external radiation to make up the deficiency in 
original dosage owing to depth. Field sizes vary from 
a 10X8 cm. rectangle to a 13 cm. diameter circle; focal 
skin distance is from 21.7 cm. to 40 cm.; H.V.L. 1.7 mm. 
to 2.05 mm. Cu and the surface lesion intensity varies 
from 288 to 2,000 r/min. In the second technic, using 2 
tubes simultaneously each at 21.7 cm. focal skin distance 
and a 13 cm. diameter circular field, a surface dose of 
1,350 r is given in order to realize a minimal dose of 
1,300 r throughout the tumor. 

The postradiation reactions have been slight, certainly 
less than those noted after external irradiation. Over a 
period of 18 months 15 cases of all types of visceral can- 
cer have been treated, 6 purely palliatively. Nine cases 
are recorded in detail; stomach, 6; abdominal esophagus, 
1; pancreas, 1; colon, 1. Three of these patients are alive, 
| for more than a year. The remaining 6 patients died, 
2 after 1 year survival.—M. L. 


— 


Radon Ointment Treatment of Irradiation Ulcers. 
Pucks, &. b., and Witiiams, M. M. 2D.) [Mayo Clin., and 
Mayo Foundation, Rochester, Minn.| Radiology, 45:156-161. 
1945, 

‘Two 
responded with gratifying results, 


ases of rachation ulcer treated ly radon oimltment 
Theories as to. the 
mode of action of the omtment are that it is the action 
of the raciations on the tissue itself, the action of the radia 
tions ov the petrolatum, simultaneous action of irradia 
tion and petrolatum, or the action of disintegration prod 
ucts of radon on tissue. The radon has no effect on malig 
nant lesions which, if present, must be treated separately. 
In the discussion, I. Uhimann reported use of the method 
for 16 years, and LS. Goin and L. C. Kinney mentioned 
19 cases in which at 


Uhlmann stated 


that his experiments show that) vaseline) or 


was cmiployed. 
petrolatum 
as such has nothing to do with the effect, and is used be 
cause it is inert and absorbs large amounts of radone 
R. EB. o. 

Treatment of Carcinoma of Prostate by Irradia- 
tion. Munarrn, A. [Lincoln Neb. | 
Radiology, 45:31-39. 1945, 

A discussion, and summary of 27 cases. Castration of 


Gen. Tlosp., Lincoln, 


patients with prostatic carcinoma is now generally recog- 
nized as the most effective method of treatment. Surgical 
castration removes the testicular carcinogenic factor, but 
there are extragonadal depots of androgen production that 
this docs not touch. Female hormone (estrogen) de- 
presses androgenic activity and is also effective in treat- 
ment. Ilowever, Munger has obtained best results with 
prostatic resection followed by testicular and regional 
irradiation and coincident estrogen therapy. Stabilization 
has been more lasting than with any other method of 
treatment.—R. I. S. 


The Therapeutic Use of Radioactive Phosphorus. 


Warren, S. [Harvard Cancer Commission, New England 
Deaconess Hosp., and Harvard Med. Sch., Boston, Mass.| 
Am. |. M. Sc., 209:701-711. 1945, 


Kighty-one cases of leukemia, myeloma, Hodgkin’s 
disease, and polycythemia vera were treated with radio- 
active phosphorus. About one-third of the treated cases 
showed temporary improvement.—J. G. K. 


SKIN AND SUBCUTANEOUS TISSUES 


Disseminated Congenital Osteomas of the Skin 
with Subsequent Development of Myositis Ossifi- 
cans. Report of a Case in an Infant. Vero, F., 
Macnacek, G. F., and Bartrietrr, F. H. [Vanderbilt Clin., and 
Babies’ Hosp., Columbia Univ., Coll. of Physicians & Surgeons, 
New York, N. Y.] J. 4. M. A., 129:728-734. 1945. 

The osteomas (bony nevi) in the case reported were 
considered as true or primary congenital tumors of the 
skin. Originating presumably from the dispersion and 
displacement of embryonal tissue cells, they were seen on 
the scrotum, trunk, and left leg —M. E. H. 


An Axillary Tumor. McCuinron, J. B. 
Canada| Canad. M. A. J., 53:372-373. 1945. 

Report of a benign pedunculated fibrolipoma of 13 years’ 
duration, which has undergone ulceration and infection.— 


M.E. H. 


[| Timmins, 
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? Kaposi's Angiosarcoma. Hun, bk. roc. Koy, Soc. 
Med,, 39:91. 1945. 
Description of a casen-h 
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Brain Tumor in State Hospital Patients. A Study 
of Eight Cases in One Hundred and Twenty Con- 
secutive Autopsies. Creumvackin, bk. LL. [bastern State 
Hosp., Williamsburg, and Med, Coll. of Virginia, Richmond, 
Va.| Virginia M. Monthly, 72:407-419. 1945, 

In 2 patients the growths were small meningiomas. 
Among the other 6, the tumors were of considerable size; 
2 tumors were meningiomas, (1 fibrous and 1 cellular); 
$ were glioblastomas, (1 of which was atypical, with calei 
fication); metastatic cancer was the neuropathological diag- 
nosis in the sixth case. An attempt is made to correlate the 
lesions present with the symptoms observed and the neuro 


M.h. H. 


pathological findings. 


Multiple Meningioma and Meningiomas Asso- 
ciated with Other Brain Tumors. Avis, S. |New 
York State Psychiatric Inst. and Hosp., New York, and Pilgrim 
State Hosp., Brentwood, N. Y.| [. Neuropath. & Exper. Neurol., 
3:255-270. 1944. 

The occurrence of primary multiple tumors of the 
brain is not of exceptional rarity. The present communt- 
cation deals with a case of multiple meningioma associated 
with intracranial aneurysm, and 2 cases in which menin- 
Theories concerning 
the origin of meningiomas in particular and of brain 
Chl. 


gioma was associated with glioma. 
tumors in general are discussed.—A. 


Intraspinal Lipoma. kun, G. J., and Pucu, D. G. Proc. 
Staff Meet., Mayo Clin., 19:513-515. 1944. 

This is the only case, according to the authors, of lipoma 
of the spinal cord in which the true nature of the tumor 
was suspected before operation or necropsy.—J. L. M. 


Multiple Intraspinal Lesions: Report of Case. 
Eunt, G. J. Proc. Staff Mect., Mayo Clinc., 19:489-49]. 1944. 

A case is presented in which part of the clinical picture 
was caused by a neurofibroma at the level of the conus 
medullaris and the remainder, including the chief com- 
plaint—pain, was caused by a protrusion of the fourth 
intervertebral disk. Myelography demonstrated the exis- 
tence of the two lesions.—J. L. M. 


Spinal Cord Tumors in Children: A Study of 
Three Cases of Ependymoma. Nisenson, A., and Par- 
TERSON, G. H. [Children’s Hosp., Los Angeles, Calif.| ]. Pedzat., 
27:315-323. 1945. 

Three cases are presented. Pain and stiffness of the back 
were prominent symptoms in all three. Operations were 
performed on all. Two were found to be inoperable; in 
the one case where surgical removal was possible and was 
followed by adequate x-ray therapy, the boy 1s still alive 
and asymptomatic after 3’4 years—M. E. H. 


A Case of Neuroepithelioma in a Toe. ENceLeretH- 
Hoi, J. [Cancer Research Lab. of Danish Anti-Cancer League, 
Copenhagen, Denmark] Acta path. et microbiol. Scandinav., 17: 
494-505. 1940. 

A case report, with photomicrographs.—M. H. P. 
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Disseminated Oligodendroglioma.  BLuMeENFELD, 
C. M., and Garpner, W. J. [Cleveland Clin. and Western Re- 
serve Univ., Cleveland, Ohio] Arch. Neurol. & Psychiat., 54: 
274-279. 1945. 

One case is reported and 11 cases from the literature are 
reviewed. In the present case an oligodendroglioma in the 
cerebral ventricles had been present for at least 14 years, 
but data from the other reported cases show that the 
tumor may be neither as localized nor as slow-growing 
as is usually supposed.—M. E. H. 


Cerebrale und viscerale Xanthomatose mit Dia- 
betes insipidus. [Cerebral and Visceral Xantho- 
mastosis with Diabetes Insipidus.] Trmum, G. Report 
to Danish Path. Soc., Nov. 24, 1941; from abstr. in Acta 
path. et microbiol. Scandinav., 19:318. 1942. 

A report of a case of cholesterol granulomatosis (xan- 
thomatosis) in a man who showed initial symptoms of 
diabetes insipidus and loss of libido at 35 years of age, 
and who died at 42. Postmortem findings are described.— 


M. H.P. 


Eve 


Transcranial Removal of Intraorbital Tumors. 
Love, J. G., and Benepictr, W. L. [Mayo Clin., Rochester, 
Minn.] J. 4. M. A., 129:777-784. 1945. 

Figures from the records of the Mayo Clinic show that 
in the years 1907 to 1944 inclusive there were 2,985 patients 
who had tumors of the eye or adnexa or both, of whom 
738 (24.7%) had tumors of the orbit. Many of the pri- 
mary tumors of the eye and orbit were in various stages 
of development. Operations were performed on a total of 
395 by the method best designed to meet the demands of 
the situation. The transcranial method was employed be- 
tween Nov. 6, 1933 and Nov. 14, 1944, and involved 35 
patients (22 female and 13 male) with an average age of 
27.5 years; of these patients 34 recovered, and 1 died 2 days 
after the operation. The pathologic character of the lesions 
varied, meningiomas being the commonest type. The main 
objective of surgical treatment of intraorbital tumors is to 
conserve vision and to have as nearly normal function of 
the eye as possible. The transcranial approach to such 
tumors through the roof of the orbit gives maximal ex- 
posure and direct visualization of the structures within the 
posterior part of the orbit. It permits at the same time 
the removal of any intracranial extension of the tumor.— 


M. E. H. 


BREAST 


Healing of Pathological Fractures Through Me- 
tastases from Carcinoma of the Breast. Bancrort, 
F. W., and Bear, J. M. [New York, N. Y.|] Am. J. Surg., 
69:236-237. 1945. 

A case report.—W. A. B. 


Bilateral Nummiform Fibromyomas of the Nip- 
ples with Unilateral Fibromyoma and Papilloma 
Mamillae. Cunnincuam, J. J., Conen, S. E., and CunNING- 
HAM, J. R. [Binghamton City Hosp., Binghamton, N. Y.| 
Am. J]. Surg., 69:155-159. 1945. 

The types of tumors occurring in the nipple are clas- 
sified, and a case reported in which the fibromyomas of 


cs 


the nipples were coincident with uterine fibroids— 
W.A. B. 
Cancer of the Breast. Gartanp, J. G. [Milwaukee 


County Hosp., Milwaukee, Wis. | 
1945. 

The analysis of 122 cases of breast cancer seen at the 
Milwaukee County Hospital is presented. Eighty patients 
had a primary mastectomy; 48% were living 3 years after 
operations, and 36% were living without recurrence at 5 
years. When axillary nodes were involved, there were 
only 22% 5 year cures.—W. A. B. 


Paget’s Disease of the Nipple. Kaurman, J. [New 
York Med. Coll., Flower and Fifth Avenue Hosp., New York, 
N. Y.] Am. J. Surg., 69:221-223. 1945. 

A survey of the literaure is presented which tends to 
support the theory that Paget’s disease is a malignant proc- 
ess, necessitating radical mastectomy for cure-——W. A.B. 


Am. J. Surg., 69:17-24. 





FEMALE GENITAL [TRACT 


Theca Cell Tumors of the Ovary: A Clinical and 
Pathologic Study of Twenty-Three Cases (Includ- 
ing Thirteen New Cases) with a Review. Bannerer, 
E. A., and Dockerty, M. B. [Mayo Foundation, and Mayo 
Clin., Rochester, Minn.] Surg., Gynec. & Obst., 81:234-242. 
1945. 

Clinical pathological discussion.—J. G. K. 


Syndrome of Ovarian Tumor Associated with 
Ascites and Pleural Effusion. (Meigs’ Syndrome.) 
TOWNSEND, S. R. [Montreal, Canada] Canad. M. A. ]., 53: 
245-247. 1945. 

A case report. The final diagnosis in this case was 
multilocular papillary cystadenocarcinoma. Carcinomatous 
transformation was present, but there was no evidence of 
metastasis. Removal of the tumor terminated the disease. 
The type of tumor described is an exception to the com- 
mon type of ovarian tumor associated with Meigs’ syn- 


drome.—M. E. H. 


Primary Melanosarcoma of the Vagina (Case 
Report). Bromperc, Y. M., and Brezezinski, A. [Roths- 
child Hadassah Univ. Hosp., Jerusalem, Palestine] J. Odst. & 
Gynaec. Brit. Emp., 51:147. 1944. 

A description of a case, the ninth in the literature, in a 
woman aged 68. The tumor lay in the anterior part of 
the vaginal mucosa and metastasized to the posterior wall. 
Combined x-ray and radium treatment was without 
effect. Pulmonary and osseous metastases developed.— 


am 


Abnormal Genital Bleeding in Women Past Forty. 
Its Clinical Significance. Urpan, B. E., and KL Liecer, 
J. A. [Marquette. Univ., Milwaukee, Wis.]| Wisconsin, M. ]., 
44:873-877. 1945. : 

A group of 350 women 40 years or more of age, com- 
plaining of some abnormality in vaginal .bleeding, was 
studied. Half the group were patients who had been seen 
on the gynecological service of the Milwaukee County 
Hospital; the other half had been seen in private practice 
(B. E. U.). It was concluded that women over 50 war- 
rant special attention since 74.2% of such patients surveyed 
in the County Hospital series harbored a malignant 


growth.—M. E. H. 





